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AUTHOR’S PREFACE. 


About* three years ago I wrote an article for Ladenburg's 
/ Handworterbuch der Chemie/ containing in a concise form an 
exhaustive account of the history of the Organic Dyestuffs. Thk 
article was also published separately, and its good reception 
induced me to produce the present work, which I have based as 
far as possible upon the earlier one. 

The article in question was not complete in itself, and in the 
present instance certain sections which came under other headings 
in the e Handworterbuch * have been added. New material has 
also #been supplied through the advances made in the eoal-tai 
colour industry and in our scientific knowledge of the constitution 
of dyestuffs during the last three years. Again, some subjects 
have been dealt with at a greater length than was permitted by 
the somewhat limited space of the e Handworterbuch/ Conse- 
quently, the subject-matter of the earlier work has been, submitted 
tfo thorough revision, and the systematic classification of dye- 
stuffs into natural chemical groups attempted in the original book 
has been carried out in a more complete manner, owing to the 
advances made in our knowledge of their constitution. 

The present work cannot therefore be regarded as a second 
edition of the article from the * Handworterbuch/ and as 1 have 
sought to give the whole the form of a small chemical handbook 
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dealing with dyestuffs from a scientific standpoint, I have selected 
( The Chemistry of the Organic Dyestuffs ; as a suitable title. 

In this work, as in the previous one, considerable weight lfcis 
been laid upon the relationships existent between the constitution 
and tinctorial properties of the dyestuffs. 

I have thought it advisable to deal only with the principles, 
involved in the manufacture of individual dyestuffs, as derails for 
their technical production are unreliable, owing to the continuous 
development shaking place in the industry in cpiestion. 

The application of dyestuffs to textile fibres has been dealt with 
rather more fully than in the earlier work, but not at a greater 
length than is in accordance with the character of the book. To 
technologists requiring further details of the application of dye- 
stuffs I can recommend Hummeks excellent work on ‘ The 
Dyeing of Textile Fabrics/ 

Basle, October J888. 
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remains for us to add to Prof. NietzkFs account of tlie 
design and character of his hook. It has met with very general 

* 

appreciation in Germany,, and this made us thitfk that a trans- 
lation might he of service to English workers in the field which 
the book covers. 

Some time has elapsed since the original appeared, and we have 
attempted as far as possible to bring the subject-matter up to date. 
New colouring-matters have been introduced without altering 
Prof. NietzkPs method of classification, a method which has been 
very generally adopted since its appearance. In some cases 
(Ptfmuline, Thioflavine ; Pyronine, &c.) new sections might have 
been desirable ; we preferred, however, to leave the book in its 
original form. 

The figures in the text apply to the references given on pages 
273-288* The references have been left as in the original, with 
the one exception that, wherever possible, the English-Patent 
member has been added. 

Our thanks arc due to the- Directors of the Parbwerke Hbchst 
(Meister, Lucius* and Pruning) and of the Farbenfabriken, vormals 
F. Bayer and Co., Elberfeld, for the ready kindness with which, 
they placed ample information at our disposal. 


Paisley, May 1892. 
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INTRODUCTION. 


Certain chemical bodies possess the property of only transmitting 
or reflecting certain constituents of white light, while the others 
are absorbed. In other words, such bodies have a particular 
colour, more or less characteristic. These bodies occur amongst 
the so-called chemical elements, and the colour of the same element 
may be totally different according to the form and state of aggre- 
gation under which it is observed. Certain elements ( e.g . chro- 
mium) always form coloured compounds ; with others, again, 
the coloration of the compounds may be regarded as an exception, 
and if not caused by combination w r ith a colour-giving element, 
depends on the constitution of the compound. 

Coloured carbon compounds come under the latter classification. 

The number of organic compounds containing, besides carbon, 
hydrogen, oxygen, and nitrogen is very large, and by far the greater 
nunjber of them are colourless. On the other hand, some compounds 
of # carbon with these elements possess colour which far surpasses 
that of any other element, both as regards intensity and character. 

The coloured carbon compounds often differ little, or not at all, 
from the colourless ones in their percentage composition, and it is 
this fact which renders it certain that it is the structure of the 
compounds which causes in one case colour, in the other none. 

In the life-processes of plants , ahd animals both colourless and 
coloured carbon compounds arc formed, and the latter have been 
employed since the earliest periods as dye-materials. 
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Natural dyestuffs have for many years been the subjects of 
thorough chemical investigation, but their study has afforded littlo 
knowledge as to the general nature of coloured carbon compounds ; 
and it is only since dyestuffs have been prepared synthetically 
that we have gradually come to understand the constitution of the 
greater number of these bodies. 

Very little is known of the primary cause of colour in such 
compounds, but our knowledge is so far advanced that colour 
is regarded as a characteristic property of whole classes of 
chemical compounds ; and the study of the constitution of such 
compounds has shown that a close relationship exists between 
their colour and their chemical structure. 

A study of the carbon compounds shows that compounds of 
carbon with one or with several elements of equal valency are all 
, colourless. For example, all hydrocarbons are colourless, and 
derivatives obtained by the introduction of monatomic elements 
are also colourless. 

Colour in coloured compounds depends on the introduction of 
compound radicals, mostly polyvalent; but at the same time a* 
certain building-up of carbon atoms in the molecule is necessary 
for production of a real colouring-matter. For the latter reason, 
nearly all organic dyestuffs belong to the aromatic scries, and are 
derivatives of benzene, naphthalene, anthracene, or quinoline. 
The radicals which possess this power of producing colour in a 
hydrocarbon show a characteristic behaviour towards nascent 
hydrogen. 

1 Nascent hydrogen possesses the property of converting coloured 
carbon compounds into colourless ones with greater or less facility ; 
the reaction which takes place may, however, be widely different 
in various eases. The nitro-group is converted into an amido- 
group, and on oxidation the nitro-group cannot be reproduced. 
The azo-group is converted in a /similar manner into two amido- 
groups, but as an intermediate stage of the reaction hydrazo- 
compounds are formed. 

I These hydrazo-compounds may be regarded as types of a class 
|of colourless bodies, termed leueo-compounds.^ A large number 
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/ of dyestuffs yield these leuco-compounds on reduction. These 
new bodies mostly contain two atoms of hydrogen more than the 
dypstuffs, and are converted into the latter on oxidation. 
v/This circumstance was made a subject of study by Graebe and 
Liebermann (Ber. i. p. 106) ; and in 1867 a theory was advanced 
assuming the presence of a bond between the colour-giving groups 
.in dyestuffs yielding leuco-compounds., corresponding to the link age 
of the oxygen atoms in quinone in the constitutional formula 
accepted at that period. In 1876 Otto JST. Witt published a more 
complete theory' of the nature of colouring-matters, and this 
theory may be comprised in the following general ‘laws (Bcr. ix. 


p^522). 

v The colour of a compound depends on the presence of a certain 
group of atoms, which is therefore termed a colour-giving group 
or chromophor. 

The introduction of this chromophor produces a more or less 
intensely coloured body, which, however, is not a dyestuff; and; 
the dyestuffs are only formed by introduction of one or more 
► radicals capable of imparting salt-forming properties, which may 
be aqjd or basic. Witt terms compounds which only contain a 
chromophor, chromogens. 

Before proceeding it is necessary, however, to define the differ- 
ence between a coloured body and a dyestuff somewhat more 
clearly. A real dyestuff is a body which possesses, besides colour, 
the property of communicating colour to fibres, especially to 
animal fibres, doing this by reason of a certain peculiar affinity 
betwixt the colouring-matter and the fibre. If a silk skein is 
pladed in a solution of dyestuff, it gradually becomes dyed, while 
the liquid, if not too concentrated, finally loses the whole of its 
colour. 

t/The property of dyeing belongs principally to compounds 
possessing a more or less marked acid or basic character. It is 
probable that these properties depend, at least in many cases, on 
» partly basic, partly acid character inherent in the fibre, which 
in the one case is developed by the colour-acid and in the other by 
the colour-base. 
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The exact relationship between a fibre and a dyestuff is not 
exactly known. Dyeing processes are usually divided into two 
categories : adjective, where the use of a mordant is necessary, 
and substantive, where no third body is required to fix the dyestuff 
on the fibre. 

Two theories as to the nature of substantive dyeing have been 
advanced, a chemical and a mechanical theory. 

The chemical theory of dyeing supposes that a chemical com- 
bination of dyestuff and fibre takes place, and this view is, to a 
certain extent, supported by experimental proof, the researches of 
Knecht in this direction being especially worthy of attention. 

According to the nature of a dyestuff, the fibre may act the 
part of an acid or of a base : thus dyed fibres are compounds of 
fibre and dyestuff constituted like salts. 

For example, rosaniline is a colourless base, forming red salts. 
If a skein of wool or silk be warmed in a colourless solution of 
rosaniline, it becomes dyed red, and as completely as if a corre- 
sponding amount of a salt of rosaniline had been employed. This 
behaviour is easily explained if we assume that the fibre plays* 
the part of an acid, combining with the rosaniline to form«*a salt 
which, like rosaniline salts, has a red colour. It may, however, he 
observed that the red colour of rosaniline salts is only evident in 
solution, and in the solid state these compounds have a more or 
less marked bronze-green appearance. This point has been raised 
by upholders of other theories, that were a salt of rosaniline and 
fibre formed, it might naturally he expected to possess the green 
colour of the solid salts of rosaniline. 

*# 

If we regard dyeing operations as chemical processes, it is 
probable, in applying salts of colour-bases, that these salts are 
decomposed in the dyeing process, the fibre combining with the 
base and the acid being set at liberty. Certain strong basic dye- 
stuffs, such as methyl green, which (like all ammonium bases) 
forms very stable salts, are not capable of dyeing wool directly. If, 
however, ammonia is added to the dye-bath, the liberated colour- 
base combines with the wool and dyes it green. Silk, on the other 
hand, evidently possesses a stronger acid ehaActer than wool, as 
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it may be dyed with methyl green without any assistance. Knechft 
has demonstrated by quantitative experiments that in dyeing wool 
with the salts of basic colours, the acid in combination with the 
colour-base is liberated during the dyeing process. For example, 
if a solution of rosaniline hydrochloride (magenta) is treated with 
wool till all colour is extracted, the hydrochloric acid which was 
in combination with the rosaniline remains in the colourless bath. t 

The behaviour of some acid dyestuffs also supports the chemical 
theory &£ dyeing. 

As a rule animal fibres are not capable of decomposing the 
salts of acid dyestuffs, and in dyeing the colour-acids have to be 
set at liberty by the addition of a stronger acid to the dye-bath. 
Certain colour-acids, for example the sulphonic acids of amidoazo- 
compounds, have a different colour to that of their alkali salts. In 
dyeing wool with such colour-acids, the shade produced is that of 
the salts and not that of the colour- acid, so that in such cases 
wool evidently plays the role of a base. 

In certain cases also there is evidence which points to the fact 
tlmt definite molecular combinations of dyestuff and fibre exist. 

/ In dyeing processes, from a practical standpoint, a certain 
quantity of dyestuff, seldom exceeding two per cent, of the weight 
of the fibre, is found necessary to produce a maximum effect as far 
as shade is concerned. But this by no means expresses the limit 
to the amount of dyestuff which may be taken up by the fibre, as 
Knecht has found that wool is capable of extracting far larger 
quantities from concentrated dye-baths. If a calculation be made 
based on the amount of picric acid which is taken up by the fibre* 
it is* found that the maximum amounts of naphthol yellow S, 
tarttazine, and crystal violet which may be combined with wool 
closely approximate to molecular quantities. 

Another conclusion which follows from the researches of the 
same chemist, is that many cases of so-called substantive dyeing 
sire in reality adjective. In the case of wool, for example, a com- 
pound has been isolated, called lai^uguinic acid, and it has been 
found that this acid is capable of entering into combination with 
dyestuffs* producing compounds which, although amorphous,, closely 
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resemble dyed wool in their properties. It is possible that in 
dyeing wool the action of boiling water liberates this substance* 
which then effects the combination with the dyestuffs. In this 
hypothesis, the lanuguinic acid is supposed to be retained in the fibre 
in a state of solid solution. 

theory of solid solution has been applied in a somewhat 
different form by Witt to the substantive dyeing of wool, silk, and 
cotton. A skein of silk dyed with magenta is according to the" 
chemical theory a combination of magenta and silk, and it •requires 
pretty strong soaping to remove the dye. But if the silk be treated 
with alcohol, 'which is certainly capable of exerting only a solvent 
effect, all the colouring-matter is quickly removed. If water is 
added to the alcoholic solution, the dyestuff, however, returns to 
the silk. This behaviour, unexplained by the chemical theory of 
dyeing, may be cleared up by the “ solid solution ” theory. In 
this especial instance of silk and magenta, we must suppose that 
the essential constituent of the silk fibre, fibroin, has a greater 
solvent action for magenta than water, and thus withdraws it 
from its aqueous solution. Alcohol having a greater solvent^ 
power than the fibroin, removes the dyestuff from the fibre. 
Similar cases are frequent in purely chemical operations, and the 
extraction of magenta from its aqueous solution by silk is exactly 
similar to the removal of resorcin from an aqueous solution by 
ether. 

The different behaviour of various textile fibres in dyeing may 
be explained by an assumption of different solvent power; .thus, 
silk dyes more readily than other fibres because the fibroin has a 
greater solvent power. Keratine again, the principle of the^wool ^ 
fibre, possesses a greater solvent power than cellulose, which is 
only capable of attracting and lidding in solution a few dyestuffs, 
such as the tetrazo-dyes of the benzidine series, and in certain 
cases in this class the solvent power of the water in the dye-bath 
ha^ to be decreased by addition of salt. 

The mechanical theory of dyeing is based on the assumption that 
the molecules of colouring-matter leave the dye-bath and are 
mechanically deposited between the molecules the fibre. 

Certain plant-fibres — for example jute, the bast-fibre of Cor - 
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chorus — have the property of fixing dyestuffs directly, this being 
# due to the presence of an incrustation of foreign matter, present on 
the fibre. 

Many amorphous substances, amongst which may be mentioned 
precipitated sulphur, gelatinous silica, and Kieselguhr, have the 
power of attracting basic dyestuffs. 

The properties of the so-called oxycellulose are also of interest 
‘ from a tinctorial standpoint. On oxidation of vegetable fibre 
(eellulese) with chlorine, chromic acid, or similar agents, it under-: 
goes a change, and becomes capable of fixing basic dyestuffs without 
a mordant. • 

Va consideration of the radicals capable of acting as chromophors 
shows that only two of these, the nitro- and nitroso-groups, are 
monatomic. If these groups are introduced alone into a hydrocar- 
bon, the body produced possesses scarcely any colour. A coloured 
body is formed if a salt-forming group be also introduced, the 
latter probably forming a closed ring with the chromophor. The 
case is similar when a valent chromophor is introduced into 
several hydrocarbons, so that each valency is attached to a hydro- 
carbon group not in linkage with any other. This is the case with 
the ketones, while the diketones (quinones) and simple ketones 
possessing a ring constitution (diphenylene ketone) are coloured 
compounds. 

Azobenzene forms an apparent exception to this rule (sec 
belojv). 

^he ketone group, especially when it occurs twice, as in the 
quinones, is one of the most important chromophors. The oxygen 
ateftn of the ketone group may be replaced by another diatomic 
radical, such as sulphur ; or the ketone carbon atom may enter 
into combination with two valencies of a diatomic nitrogen atom : 
the resulting groups C=S and C=N in general possess increased 
chromophoric properties. As an example of this, it may be 
remarked that the derivatives of simple ketones are colourless, 
those of the thioketones, ketonedmides, and hydrazidcs being 
coloured, * 

The ketone gremp C=0 appears only to act as a chromophor when 
it occurs as a member of a closed riner of carbon atoms. A iarsre 
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number of dyestuffs may be regarded as built up similarly to the 
di-ketones (ortho- and para-quinones) ; and as the present view 
of the constitution of the quinones is expressed by the following 
formula, the formulae of a large number of dyestuffs have to be 

modified accordingly. 

0 



C C 

II 


0 Quinone, 

The indamines are derivatives of quinone-iraide, and accordingly 
a change from a tertiary to a secondary carbon atom must be 
accepted in the constitutional formulae of these bodies. 

Nil 

II 

N-C.II.- 

|j 

-Nir a n— o e u 4 — xrr 2 

ii 

ii 

A 

A 

ii 

A 

V 

H 

ii 

\/ 

Nil 

Quinone-imide 

(unknown). 

II 

Nil 

Indamine, 

1; 

0 

Indophenol. 


A similar constitution may he accepted for rosaniline and 
rosolic acid. 



Bosaniline. Bosolic aci< 
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In these cases the oxygen of the ketone group is replaced by a 
, diatomic methane rest. 

A class of bodies closely resembling the paraquinones are the 
orthoquinones, for example /3-naphthaquinone and phenan- 
threnequinone are members of this class of compounds. From 
these a new class of compounds may be obtained, and these bodies, 
the azines, are in some respects analogous to the paraquinones. 

If an orthodiamine interacts with an orthoquinone, the oxygen 
atftms»of the latter are eliminated, and tertiary nitrogen atoms 
-enter in their places, a new ring containing two nitrogen atoms 
and four carbon atoms being formed. The similafity of this ring 
to the paraquinone ring exists in the fact that in the former tertiary 
nitrogen atoms take the place of the cliromophoric C=0 groups of 
the latter. 

This analogy is especially marked if the constitutional formula of 
anthraquinone is compared with that of the simplest aromatic azine. 


CO 



NT 



N 

Plienazine. 


There are also certain points of resemblance between the azines 
and quinoline and acridine: here only one carbon atom is re- 
placed by nitrogen,' and it is probably owing to this that the 
chrpmogenie nature of these bodies is not so strongly marked as 
th$t of the azines. 


N N 
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v^Generally speaking, the introduction of the simplest chromo- 
phors gives rise to yellow dyestuffs, and when stronger and more 
complex groups are introduced the colour changes through red 
to blue &c. For example, all quinoline and acridine dyestuffs 
are yellow, while only the simplest azines have this colour and 
become red and blue by introduction of salt-forming groups. 

In some other dyestuffs the presence of the lactone ring 
C=0 — 0 — is assumed, and here again the oxygen atom may 
be replaced by a primary nitrogen atom (indigo dyestuffs) . + ** 

It will be noticed, on examining the constitution of the chromo* 
gens already tre&ted of, that most of them contain the ehromo- 
phor as member of a closed ring, differing from the other 
members in valency and linkage. 

For instance, compounds constituted on the quinone type 
contain two secondary and four tertiary carbon atoms. In cases 
where four secondary carbon atoms are present, as in rhodizonic 
acid, C 6 (OH) 3 0 4 , the body is still coloured; but if all the six 
carbon atoms of benzene become secondary, as in triquinoyl or 
perquinone, C G 0 6 , the colour disappears*. The same occurs if all 
the carbon atoms of quinone become tertiary, i. e . by reduction of 
the quinone to hydroquinone. 

An attempt to explain the colours of all carbon compounds 
by the existence of such rings possesses great interest, but it cannot 
be denied that the necessary conditions arc absent in numerous 
dyestuffs, for example, tlnoketones, ketone-imides, and hydrazides 
are such bodies, i e . tetramethyldiamidothiobenzophenone and 
auramine, 

(CH S ) S n— c 6 h 4 — c— c 6 h 4 — N (CH*)* 
ii 

s 

(CHs) a — N — C 6 H 4 — C — C 6 H 4 — N (CHs)g, 

Ii 

NH 

in which the chromophors CS and CNH are not present as a ring 
but as an open chain. 

,* The researches of Hantsch (Ber. xx.) make it improbable that the absence 
of colour in triquinoyl and leuconie acid is due to hydratiol# 



INTRODUCTION. 


11 


The nitro-compounds, which are almost the only class in which 
a monatomic group acts as chromophor, would also be difficult to 
bring under the above ring classification. There is no doubt, 
however, that in amido- and hydroxyl derivatives of nitro-bodies 
there is a certain relationship between the nitro-group and the 
hydroxyl or amido-group. It is not improbable that the nitro- 
phenols possess a similar constitution to the nitrosophenols, which 
are now generally regarded as quinoneoximes. The azo-dye* 
j^uffit are a class of bodies the properties of which are not in 
accordance with their constitution, and this is especially marked 
in the first member of the series, azobenzene. • 

If a single hydrogen atom in a benzene ring is substituted, or if 
two rings are joined together by a diatomic radical, the bodies 
formed are colourless or only slightly coloured, while azobenzene 
is an intensely coloured compound and a powerful chromogen. 

This leads to the supposition that azobenzene does not act 
according to the simple constitutional formula C 6 H 6 N=NC 6 H 5 
in certain cases, and other facts tend to speculation as to a 
more complex formula. 

Azobenzene and its derivative hydrazobenzene may be con- 
verted into a derivative of diphenyl, benzidine ; and the ease with 
which this reaction takes place seems to point to the existence of 
an unstable linkage between the benzene rings. This would be 
most readily explained by the assumption that a change in the 
linkage (from double to single) between the carbon atoms in the 
benzene chain takes place in a similar manner to the linkage in the 
quinone formula. 

•* The following formula would then express the constitution of 
azobenzene : — 


N : — N 

fi I! 



H 1 


- LI 
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Naturally such formulae are hypothetical, and only of interest in 
attempting to regard all dyestuffs as variations of a common 
system. 

characteristic of the radicals which act as chromophors is 
that they are never perfectly neutral groups, or in other words 
their introduction confers a certain tendency towards basic or acid 
properties to the bodies which they enter. 

By introduction of salt-forming groups these properties become 
strengthened in one or other of these directions. According to 
their nature, therefore, these chromophors may be classified as 
basic or acid-forifiing, The quinone group, for example, possesses 
strong acid-forming properties. A simple hydroxyl derivative 
of a hydrocarbon possesses weak acid properties, while the hy- 
droxyl derivatives of the quinones have these properties in a far 
higher degree. The nitro-group acts similarly. Chromophors 
which contain nitrogen without oxygen tend to form bases. 

We have still to consider more closely the nature of the salt- 
forming groups which have already been mentioned. 

These groups may act totally differently, and are divided into 
two sharply defined classes. ^ 

Certain radicals, generally acid, such as the sulpho-growp, 
S0 3 II, and the carboxyl group, if introduced into a chromogen,* 
confer upon it acid properties, but without increasing the colour 
appreciably, indeed in many cases the dyeing power is considerably 
decreased. 

Such bodies act as acid dyestuffs, and the group introduced 
effects the combination with the fibre. 

Azobenzene, for example, has no affinity for animal fibres, being 
perfectly neutral, while its sulphonic and carbonic acids act as 
Weak dyestuffs. The influence of amido- and hydroxyl groups is 
a totally different one* 

By introduction of these radicals the chromogen acquires basic 
or acid properties, and at the same time a considerable modifica- 
tion in the colour of the body is produced. The colour generally 
Becomes more intense; in many cases colour is only produced 
when these groups enter* Having regard to Ihese facts the 
groups (sulpho- and carboxyl) may be termed (< salt-forming,” 
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while for the latter Witt has recently suggested the name 
auxochromie (Ber. xxi. p. 325). 

The relationship existing between these groups and the ch.ro- 
mophors is not yet explained. In the ease of the oxyquinoncs 
it has already been pointed out that the chromophoric quinone 
group confers strong acid properties on the auxochromie hydro- 
xyl group. The same is also observed in the phthaleins and 
rosolic-acid dyestuffs. These hydroxyl groups play at the same 
flfcne # the part of salt-formers, and produce the necessary affinity 
for the fibre. The auxochromie amido-groups exert a somewhat 
different influence on the base-forming amidfl-groups. This 
behaviour may easily be explained by studying the basic triphenyl- 
methane dyestuffs, for instance rosaniline. JLtos aniline contains, 
besides the ehromophor =C==R=NH, two auxochromie amido- 
groups. 

It is certain that the imide group of this ehromophor 
combines with the acid in the formation of the red monoacid 
rosaniline salts, and it is by its means that the combination with 
the fibre is effected. The latter is deduced from the fact that 
rosaniline dyes the colour of these salts, while the salts formed 
by neutralising the two amido-groups are yellow. 

The amidoazines show this characteristic in a somewhat more 
striking manner. The azines contain the ehromophor : — 

N 



N 


and the simplest members of the series are weak bases forming 
salts which are mostly red or violet and only stable in presence of 
an excess of acid. 

The amidoazines, for example toluylcne red (diamidoazine), are 
strong bases forming red monoaeid salts, which, however, are stable. 

Here also the acid radical is combined with the azine group, 
and the amido-groups only formWts in presence of an excess 
acid, the chan^ being accompanied by a characteristic change of 
colour through blue to green. 
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In dyeing, toluylene red produces a red shade, and not a blue 
or green, so that the azine group alone enters into combination 
with the fibre. 

It is easily seen that in these cases the auxochromic amiclo- 
groups tend to strengthen the basic character of the chromophor, 
but do not act as salt-formers. At the same time the colour 
becomes more intense. According to a rule which has been laid 
down by Witt, the stronger of two similar dyestuffs is always that 
which possesses salt-forming properties in a higher degree. * ^ 

From this it may be conceived that the simultaneous presence 
of a basic auxochromic group and an acid-forming chromophor, or 
vice versa , gives rise to a weak dyestuff. The nitranilincs form a 
ease in point ; they are weak dyestuffs, while on the other hana 
the nitrophenols have tinctorial properties much more fully 
developed. 

From the foregoing reasons actual dyestuffs are divided into 
two principal classes — acid and basic. 

Certain coloured bodies like indigo are neutral, and possess no 
affinity for textile fibres* Their dyeing is effected by precipitating 
on the fibre from a solution as in vat dyeing, or by converting 
into a sulphonic acid, and thereby producing a capability to form 
salts. 

The salts of certain azosulphonic acids may he termed neutral 
dyestuffs. They may be directly fixed on vegetable fibres. 

* Most basic and acid dyestuffs are fixed without aid by animal 
fibres ; vegetable fibres, on the other hand, require the interven- 
tion of a special mordant. Tannic acid is generally used along 
with basic dyestuffs, as it forms insoluble salts with these coin- 
[pounds. 

Cotton possesses the power of attracting a certain amount of 
tannic acid from solutions containing this body, and of retaining 
it even after washing. Cotton prepared in this manner may to 
dyed with most basic dyestuffs just as well as wool. In practice 
.the cotton treated with tannic -acid is further submitted to the 
^action of tartar emetic or some other antimony compound. An 
insoluble salt of tannic acid and antimony oxidS is formed, and 
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this fixes basic dyestuffs with the greatest ease. The advantage 
of the latter method is that the shades produced are faster to 
soap. Some acid dyestuffs combine with metallic oxides, pro- 
ducing insoluble lakes, different in colour to the original dyestuffs, 
and varying considerably with the metallic oxide used. This 
property is much used to effect the fixation of dyestuffs on the 
fibre, especially on cotton. Anthraquinone derivatives are always 
fixed in this manner, and numerous natural dyestuffs also. 

SThis- peculiar property of dyeing on metallic mordants has as^ 
yet had no satisfactory explanation. If cotton mordanted with 
alumina or oxide of iron is placed in an alizarin t>ath, the lake is 
precipitated and enters into intimate combination with the fibre. 

Many dyestuffs form insoluble lakes with metallic oxides, but 
the property of combining with mordants on the fibre is peculiar 
to a few. Insoluble lakes may be obtained from the eosines and 
from all oxyanthraquinones, but the former class of bodies can- 
not be fixed on mordants, and of the latter only derivatives of 
alizarin possess this property. 

It is necessary that the lake produced forms a certain combina- * 
tion with the fibre ; if not, it is only retained superficially, and is 
removed mechanically during the dyeing process. It has been 
found that this capability of dyeing on mordants stands in close 
relationship to the constitution of the colouring-matter, and more 
especially to the relative , positions of the substituting groups 
(compare quinone dyestuffs). 

The commercial value of a colouring-matter is best determined 
by dye-trial ; in fact this is the only trustworthy method, and the 
numerous processes which have been proposed to determine 
dyestuffs volumetrically are untrustworthy, as they are readily 
influenced by the nature of the impurities present. 

Exceptions may be made in dealing with a few dyestuffs which 
-come into commerce in a pure state. 

For instance, alizarin is tested by a dye- trial, and then examined 
sifter washing carefully for the amount of solid matter and ash 
which it contains. 

- The testing d# colouring-matters by means of dye-trials is simply * 
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colorimetric comparison of a dyestuff with a standard of known 
quality. If equal quantities of two samples of a dye are dyed^ 
upon equal weights of wool or silk, a difference of two to five per 
cent, may be distinguished from the difference in shade observed 
in the two patterns. 

By a second dyeing it is easy to determine the difference between 
the quantities of the two dyestuffs required to produce the same 
shade, and a simple calculation then gives the value of the product * 
tested, compared with the standard. At the same time an kieses 
obtained of the relative purity of the shade of the dyestuffs and 
of the nature of the impurities which may be present. 

In printing, both basic dyestuffs and acid ones capable of forming 
lakes with metallic oxides are employed. 

The principle of the fixation of basic dyestuffs in printing 
depends on the insolubility of the tannin compounds. 

The tarmates of all colour-bases are insoluble in water, but 
mostly dissolve in dilute acetic acid. The dyestuff' is printed 
along with tannin and dilute acetic acid. The acetic-acid solution 
of the tannin lake penetrates the fibre, and subsequent steaming 
removes acetic acid, leaving an insoluble lake on the fibre. The 
shades may be made faster to soap by passing through tartar 
emetic. 

Acid dyestuffs, like alizarin &c., arc printed in the free state 
along with the metallic mordants (aluminium, iron, or chromium 
acetate) ; on steaming, acetic acid is driven off and the metallic 
oxide combines with the colour-acid to a firmly adhering lake* 

^ Only a few natural dyestuffs (indigo, alizarin, and purpurin) 
have been prepared synthetically, but the number of artificial 
dyestuffs is very large. Some of these, especially the phtlmlems 
and rosolic acid, seem to approach the natural dyestuffs in con- 
stitution, but the greater number belong to special classes, which 
are without analogue in either the animal or the vegetable kingdom. 

Natural dyestuffs, with few exceptions (indigo, berberine), 

/ contain only carbon, hydrogen, and oxygen; while many classes 
°of artificial colouring-matters contain nitrogenous groups, often 
pf a decided basic nature. Some others again contain chlorine. 
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bromine, iodine, or sulphur. The raw materials for the preparation 
of these bodies are, at the present time, almost exclusively products 
of dry distillation, and the most important of these is coal-tar, 
obtained as a bye-product in the manufacture of illuminating-gas. 
The discovery and first preparation of artificial dyestuffs is there- 
fore closely associated with the earliest studies on products of dry 
distillation ; and the development of the gas industry has, hand in 
■hand with a series of scientific researches appertaining there- 
to, fought the important colour-manufacturing industry into 
existence. 

The honour of preparing the first colouring-matters from 
products of dry distillation belongs to von Reiohenbach (pittacal ' 
from wood-tar/ 1832), and to Runge (rosolic acid from coal-tar, 
1834) [1]. 

For a long time, however, the discoveries of these chemists 
remained in obscurity, and it was only after the knowledge of 
products of dry distillation had been considerably advanced by 
later researches, that the production of coloured derivatives again 
attracted the interest of chemists. 

Hofmann, Zinin, and Fritsche were the first to show the 
relationship between benzene, aniline, phenol, &c. ; and the first 
explanation of the constitution of these products formed the 
foundation of the colour- industry. 

The first dyestuff prepared and applied on an industrial scale 
svas “mauve,” introduced by Perkin in 1856. About the same 
period the formation of rosaniline was noticed by *Nathanson, 
ivho obtained it by heating aniline with ethylene chloride [2] . 

T^*o years later Hofmann [3] announced the discovery of a red < 
irockict, obtained by the action of carbon tetrachloride on aniline. 
Elofmann and Nathanson, if their experiments were made with 
)ure aniline, must have already had pararosaniline in their 
lands. 

The next ten years were almost entirely devoted to the scientific 
tudy and technical development of rosaniline and its derivatives. 

The first patent was taken out by Renard freres and Franc, of 
jyons, on April 8t5^ 1859 [4], for the preparation of a red dyestuff, 

c 
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according to a process discovered by Verguin, which consisted in 
the action of stannic chloride on aniline. 

Numerous patents followed in England and Prance, depending 
on the action of other oxidising agents than stannic chloride. In 
some o£ these patents, however, it is not clear whether rosauilme 
or some other dyestuff such as mauve is really produced. lienard 
frcrcs introduced their products, still very impure, under the 
name “ fuchsinc.” 

The process of Gerber-Keller with nitrate of mercury jj^thc 
only one of any value (October, 1859) [5], 

In the following year, 18G0, the application of arsenic acid as 
oxidising agent was patented by Med lock and by Nicholson almost 
simultaneously in England [6], A few months later the same 
process was made the vsubject of a French patent by Girard and 
De Laire [7]. 

In 18G1 Laurent and Castolhaz [8] patented the action of nitro- 
benzene on iron and hydrochloric acid, and this is evidently the 
first opening of the nitrobenzene process. In the same year the 
synthesis of rosolic acid was effected by Kolhc and Schmitt [9]. 

The formation of aniline blue was also first observed in 1861 
by Girard and Dc Laire ; ami in the following year the process 
was further developed by Nicholson [10], by Mounct and Bury 

[11] , who used acetic acid in the manufacture, and by Wanklyn 

[12] , who applied benzoic acid. 

In 18G2 the composition of rosaniline, and its formation 
from aniline and toluklme, was further explained by A. W, 
Hofmann [13]. 

Aldehyde green was also discovered in 1 862 [14]. j 

In 18G3 the same chemist prepared ethyl- and methyl-deriva- 
tives of rosaniline, and showed aniline blue to be triphenyl- 
rosaniline [13]. 

Aniline black was first prepared in 1803 by Lightfoot [15], 

The first azo-dyestuffs were introduced between 1864 and 1866. 
Amidoazobenzene [16] appeared first, and was quickly followed by 
phenyl ene brown [17], 

Caro and Wanklyn [18] demonstrated the thlationship between 
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rosaniline and rosolic acid in 1866 ; and in the same year Keisser 
took the first patent for iodine green [19] . 

Diphenylamine blue was prepared by Girard and De Laire in 
1867 [20]. 

In the same year methyl violet,, which had already been noticed 
by Lauth in 1861, was manufactured on a large scale by Poirrier 
and Chapat. 

The composition of iodine green was determined by Hofmann and 
Gif&^d fa 1869 [21] ; and Rosenstiehl demonstrated the existence 
of several rosanilines [22] . 

The synthesis of alizarin was carried out by Graebe and Lieber- 
mann [28] in the same year, this being of very great importance,' 1 ^ 
as the first synthesis capable of industrial application for production 
of a dyestuff occurring in nature. 

In 1872 Hofmann and Geyger [24] examined induline and saffra- 
nine, the latter a dyestuff which had appeared in commerce a 
few years previously. 

In 1873 Hofmann published his researches on methyl violet 
9 * and methyl green [25] . 

In 1874 the phthalei'Us (eosine), discovered by Bayer and Caro,^ 
were introduced into commerce. 

In 1876 pararosaniline was discovered by E. and O. Fischer, and * 
the relation of this body to triplienylmethane demonstrated [26] . 

In 1877 Prud^homme discovered alizarin blue; its industrial 
production was effected by Brunck in the following year. 

In the same year Caro [27] produced methylene blue, basing 
his process on the sulphuretted hydrogen reaction observed by 
K LautB, in 1876 [28]. Almost simultaneously malachite green 
was ^discovered by E. and O. Fischer [29] and by Doebner [30] ; ' 
and 0. N. Witt and Poussin introduced the synthesis of azo-dyes 
on a manufacturing scale, which proved afterwards to be of such 
great importance. 

In 1880 Bayer took out the first patent for the production of 
artificial indigo [31] . . 

In 1881 this was followed by indophenol [32] and the gallo- 
cyanine of Witt and Koechlin. 
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In 1883-84 Caro and Kern [33] effected the synthesis of tri- 
phenylmethane dyestuffs by means of carbon oxychloride, and thia 
was applied to the production of auramine and Victoria blue. 

The constitution of numerous dyestuffs has been determined by 
purely scientific researches, and these have been of gi*eat service 
in discovering new synthetical methods, many of which are applied 
on a large scale. 

In 1886 an important development took place in the azo colour- 
industry. This was based on an observation made by Grifiss^pat. 
1884), that certain azo-dyestuffs derived from benzidine were 
capable of dyeing vegetable fibres without mordant. As members 
of this class of dyestuffs, which are very numerous, may be 
mentioned chrysamine, Congo red, benzo-purpurine, &c. 

In 1888 Witt explained the constitution of the saffranines by 
his classic researches on the azines; and not long afterwards, 
Fischer and Hepp proved that the indulines were also derivatives 
of azines. 

^/The rhodamines, a class of dyestuffs allied to the phthaleins, 
were introduced in 1888. 

The present requirements of the colour-industry as raw materials 
are benzene and its homologues (toluene and xylene) , naphtha- 
lene, and anthracene, obtained from coal-tar. The coal-tar of 
the gas-works is first worked up in tar-distilleries, the above bodies 
being obtained in a more or less impure state. The further purifi- 
cation is carried on in some colour- works ; but this generally 
takes place in intermediate manufactories where the crude products 
are purified and worked up into a higher stage, benzene and its 
homologues being made into aniline, toluidine, and xy Udine, * and** 1 
naphthalene into naphthylamine. The crude benzol is first sub- 
mitted to a careful fractional distillation, and benzene, toluene, 
and xylene are separated in as pure a state as possible. The 
hydrocarbons boiling at a higher temperature find their principal 
application for solvent purposes, hence they are principally met 
with under the designation # solvent naphtha/' One purpose for 
‘ which it serves is the purification of anthpeene. Benzene, 



INTRODUCTION. 


21 


toluene., and xylene are converted into aniline, toluidine, and 
^xylidine by nitration and subsequent reduction. 

These bases are at present prepared by aniline-works in a state 
of great purity ; for instance the aniline employed in the manu- 
facture of blue (“blue oil **) is required to be chemically pure. 

The “red oil** used in the manufacture of rosaniline is a 
mixture containing aniline, ortho- and para-toluidine in varying 
’ proportions. 

- ^classification of the organic dyestuffs from a chemical stand- 
point is in many respects a subject of great difficulty. Most 
text-books have adopted a division in which the? dyestuffs are 
classified according to the hydrocarbon from which they are 
derived ; this, however, is far from natural, as by its means some 
groups which are chemically well characterized, such as the azo- 
dyes, are divided ; and, on the other hand, dyestuffs of totally 
different constitution are placed together. 

In the following classification an attempt is made to group 
the colouring-matters according to their chemical constitution, 
especial regard being paid to their colour-giving groups. In many 
cases this is rendered difficult, however, by the somewhat scanty 
knowledge of the relations existing between constitution and dye- 
stuff character. 

The final class, “ Dyestuffs of unknown constitution/* is still 
a very numerous one. 

This group comprises most natural dyestuffs : the constitution 
of some of these (alizarin and indigo) is known, and admits of 
' systematic classification with just as much justice as the purely 
artificial dyestuffs; and it would be reasonable to treat of the 
whole in a single chapter of natural dyestuffs. 

It must not be conceived that the constitution of all the colouring- 
matters here classified is completely explained, in many cases 
it is deduced from analogy in formation to that of bodies of 
known constitution ; but as to the constitution of dyestuffs which 
have not been prepared syntheticajly, we are altogether without 
knowledge. 
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The organic colouring-matters may be grouped as follows 

I. Nitro-Compounds. 

II. Azo-Compounds. 

III. Oxyquinoncs and Guinoncoximes. 

IV. Ketone-imides and Ilydrazidcs. 

V. Tripkenylmethana Derivatives. 

VI. Quinone-imide Dyestuffs. 

VII. Azine Dyestuffs. 

VIII. Aniline Black. 

IX. Indulincs and Nigrosincs. 

X. Quinoline and Acridine Dyestuffs. 

XI. Indigo Dyestuffs. 

XII. Euxanthic Acid and Gallo flavine. 

XIII. Canarine. 

XIV. Murexidc. 

XV. Dyestuffs of unknown constitution. 
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CHAPTEE I. 

NITROCOMPOUNDS. 

The nitro-derivatives of amines and phenols are dyestuffs, of a 
more or less pronounced character. The phenol derivatives have 
the greater tinctorial power, as the nitro-group is a chromophor 
which confers acid properties, and therefore possesses the power 
of decreasing the basic properties of the amido-group. Indeed, 
in the case of certain bodies of only feebly basic properties, the 
introduction of several nitro- groups may produce an acid dyestuff, 
for example, diphenylamine is a body of this class. 

Acid nitro-compounds are especially strongly coloured in the 
form of salts ; paranitrophenol, for example, is a colourless body* 
yielding yellow salts. On the other hand, basic nitro-compounds 
forih colourless salts with acids. 

The compounds produced when the acid properties of the 
hydroxyl group are removed by introduction of an alcohol radical 
are colourless, for instance, nitroanisol behaves like a nitro- 
derivative of a hydrocarbon. 

Those nitrophenols which contain the nitro-group and the 
hydroxyl group in the ortho position to each other, are as a rule 
the most strongly coloured. # 

The close relationship existing between the nitrophenols and ' 
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the nitrosophenols, and the assumption generally accepted, that 
the latter are quinoneoximes, render it probable that a similar 
structure may be ascribed to the nitrophenols, and that in the 
latter there is a certain connection between the nitro and hydroxyl 
groups. 

The number of coloured nitro-eompounds is very large, and in 
the present place it is impossible to consider more than those which 
possess technical interest. They are all acid dyestuffs ; since the 
introduction of the azo-dyestuffs their application has become 
considerably less. 

Tnnitrophenol (Picric Acid) [ 1 , 2 , 3 ], 
C 6 H s (N0 3 ) 8 0IL 

Picric acid is formed by the action of nitric add on phenol, 
and on many other organic bodies (indigo, xanthorrhoca resin, 
aloes, &c,). On a large scale it is obtained by the action of con- 
centrated nitric acid on phenol-aulphonic acid [2]. 

In a pure state picric acid forms light yellow leaflets, M.T\ 
122°'5 C. It dissolves somewhat sparingly in water, more easily 
in alcohol. 

It forms well crystallized salts with metallic oxides ; the 
potassium salt, O c IL(]S T Of>)OK, is difficultly soluble. Picric Acid 
dyes wool and silk from an acid bath, a fine greenish shade of 
yellow being produced. Although this shade is not fast, it finds 
considerable application in silk-dyeing, and serves principally for 
production of compound colours, especially for modifying green 
and red dyestuffs. 


DinitrocresoL 


rr CH,OH 


The sodium salt of a dinitrocresol formerly came into commerce 
under the name “Victoria Yellow” or Saffron substitute [5], 

It was probably obtained by treating crude creosol with nitric 
acid, partly also by diazotising crude toluidine and boiling the 
resulting compounds with nitric acid. It consists chiefly of a 
mixture of dinitroparacresol (CH S : OH : NQ 3 : ,4,8,5), 

^M.P. 83°*5 # and dinitro-orthocriesol (1 ,2 ,8 . 5), M,P. 85°*8 [4]. 
It is now, however, almost out of the market.' , a n 
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Dinitronaphthol (Maetius Yellow). 
c 10 h 5 (no 3 ) 3 oh. 

Dinitro-a-naphthol was formerly obtained by boiling a-diazo- 
naphthalene [6] with dilute nitric acid ; at tbe present time it 
is manufactured by tbe action of nitric acid on a-naphthol sul- 
phonic acid (mono- or di-sulpbonic acid) [7] . 

“ Pure dinitronaphthol forms needles, wbicb are sparingly soluble 
in vsatej and difficultly soluble in alcohol, ether, or benzene. It 
melts at 138°, and forms salts wbicb are moderately soluble in 
water. 

The commercial product is generally the sodium salt, though the 
lime salt is occasionally met with. It dyes wool and silk in an 
acid bath, a fine golden-yellow shade being obtained. The principal 
drawback in the use of this dyestuff* is that it is volatile at a com- 
paratively low temperature, and is therefore liable to mark off*. 

Another application of dinitronaphthol is for colouring con- 
fectionery, as it does not possess the bitter taste peculiar to most 
nitro- compounds. 

j Dinitronaphthol Sulphonic Acid (Napiitiiol Yellow S.) 
C 10 H 4 (NO 3 ) 2 OH hso 3 . 

By the action of nitric acid on a-naphthol mono- and di-sul- 
phonic acids (obtained by direct sulphonation), the sulpho-groups 
are replaced by nitro-groups, while on nitration of a-naphthol 
trisulphonic acid, one sulphoigroup remains intact [8], the other 
two being replaced by nitro-groups. The compound formed is a 
monosulphonic acid of dinitronaphthol. This acid forms long 
"yellow needles, which are easily soluble in water [9], 

The commercial product consists of the potassium salt, which is 
sparingly soluble. On wool and silk it dyes the same shades as 
Martius yellow, but is to be preferred as yielding much faster <U ex. 

It may be distinguished from Martius yellow by treating its 
solution with acids ; Martius yellow is immediately precipi- 
tated, while naphthol yellow S gives no reaction. 
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Brilliant Yellow. 

This dyestuff is prepared by the nitration of the a-naphthol 
disulphonic acid of the Schollkopf Co. It is an isomer of naphthol 
yellow S, hut little is known of its dyeing properties. 

Tetranitronajjhthol [10]. 

C I0 H 3 (NO 2 ) t OH. 

Tetranitro-a-naphthol is obtained from tetranitrobromnaph- 
thalene by treating with an alkali. It forms yellow needles which , 
melt at 180°. It gives fine orange shades on wool and silk, but 
it is not fast to light, and has only obtained slight appreciation 
under the designation “ Sun gold.” 


Tetranitrodiphenol. 

(N 0 »V.-c.h 

OH/ 0 2 “ '\OH 


This colouring-matter formerly came into commerce in form 
of its ammonium salt as “Palatine orange,” and was used in 
paper-dyeing. It is formed by treating benzidine with ititrous 
acid, and boiling the resulting tetrazodiphenyl with nitric acid. 


llexamtrodijoliemjlamine (Aurantia) [11]. 

(NO s )AH 2 NHC B H 2 (NO a ) 3 . 

Hexauitrodiphonylamine is produced by energetic action of 
nitric acid on diphenylamine. It forms yellow prisms, M.P. 238°, 
and behaves like an acid, forming stable crystalline salts wijji the 
alkalies. It dyes au orange shade on silk and wool, but since the - 
introduction of the azo-dyes is scarcely ever used. 


Salicyl Yellow (Nitrobromsalicylic Acid) [13], 

The nitro-compounds which are formed by treating monobrom- 
salicylic acid with nitric acid have been tried experimentally in 
dyeing. They are very fugitive to light, and this, together with 
their high price, renders them unsuitable for technical application. 
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Mononitrobromsalicylic acid dyes a very pure yellow on wool and 
silk from an acid bath, the dinitro-compound yields a more orange 
shade. 


Isopurpuric Acid. 

C 8 H 5 N 6 0 6 . 

The potassium salt of this acid, which is also known as picro- 
cyaminic acid, is obtained by treating picric acid with solution of 
potasfesitRn cyanide. The ammonium salt obtained from the 
potassium salt by double decomposition with ammonium chloride 
was formerly used in dyeing under the name cc G-ronat soluble.” 
It produces reddish-brown shades on wool and silk, but has now 
entirely disappeared. 

Another colouring-matter which formerly occurred in commerce 
is picramic acid, C 6 H 2 (N0 2 ) 2 NH 2 0H, obtained from picric acid 
by partial reduction. 
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CHAPTER II. 


AZO-COMPOUNDS. 

The Azo-dyestuffs form a well-characterized group of compounds 
containing the azo-chain — N= N — as chromophor. 

This divalent group is always linked with two benzene rings or 
other aromatic hydrocarbon, and thus differs from the diazo-group, 
which is similarly constituted in other respects. The introduction 
of the azo-group into hydrocarbons or bodies acting similarly 
(anisol, phenetol) gives rise to the formation of coloured com- 
pounds, which, however, are not dyestuffs. The affinity for fibres 
is only acquired when groups are introduced which confer acid or 
basic properties to the azo-eompounds, 

Azobenzeric, though intensely coloured, is not a dygstuff, 
Azobenzene-sulphonic acid possesses tinctorial properties, although 
only to a slight extent ; but if auxochromic groups, such as the 
amido or hydroxyl groups, are present, the dyeing power is con- 
siderably increased, and at the same time the shade is considerably 
modified. It is probable that in this class of compounds there 
exists a certain linkage between the auxochromic and the chromo- 
genie groups, this linkage being easily dissolved under certain 
circumstances. 

Liebermann deduced the following formula for /9~naphthol*azo-- 
benzene [1], 

C 8 H 5 ~ 

foom the fact that this body does not act as a phenol In $ similar 
manner Zincke ascribes one of the following formulae to the com- 
pound produced by the interaction of diazobenzene and $-naph~ 
thylamine [2] 


H 

N- 


£>C 10 H 8 , 
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NH pC.oHa or C 6 H 8 -N<^g>C 10 H 6 . 

H 

It cannot be denied that many reactions of oxy- and amidoazo- 
compounds, especially those of the ortho series, are easily explained 
on the assumption that these formulae are correct; but, on the 
other hand, amidoazo-compounds are capable of reacting as true 
amines. 

y fh^«bove formulae show a certain analogy to the quinones, 
especially marked, if written slightly differently, 

C 6 H 6 ~NH~N==C 10 H 6 = O and C 6 H 5 -NH-N=C I0 H 6 =NH‘ 

An important support for this theory is the circumstance that 
the bodies formed by the action of aromatic hydrazines on 
quinones are identical with those obtained from phenols and 
diazo-compounds. Phenylhydrazine, for example, reacts with 
a-naphthoquinone, producing the same compound which is formed 
by combination of <z~naphthol with diazobenzene [3]. The first 
method of formation renders the formula 


C 6 H 6 -~NH~N=C 10 H 6 = O 

probable, while the latter affords just as good reason for the 
formula 

C 6 H 5 -N=N-C 10 H 6 -OH. 

The compounds from hydrazines and ketones or quinones 
(hydrazides) are so closely related to the azo-series, that one is 
almost compelled to place them under the same classification. 

The property of forming combinations with sodium bisulphite is 
# conafnon alike to azo-dyes, ketones, and quinones [4]. A differ- 
ence in the constitution of ortho- and para-derivatives cannot well 
be accepted, as the same reactions may be obtained with each, 
though with varying degrees of ease. 

As has already been stated, the azo-compounds react like amido- 
or hydroxyl compounds in certain cases ; for example, all amido- 
azo-compounds yield diazo-compounds. It is possible that two 
forms exist in such cases, and th^t these react in one way or 
another according to circumstances. 
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The older constitutional formulae have been used in the following 
pages, this being the general method, and as there is just as much 
evidence in favour of the old formuhe as there is for the new. 
The simplest azo-compounds, like dyestuffs of simple constitution, 
have in general a yellow colour. By increasing the number of 
auxochromic groups, or by building-up of carbon atoms in the 
molecule, the shade becomes deeper. In many eases it goes 
through red to violet, in others it becomes brown. Blue dyestuffs 
of this class have only been obtained by introduction of several 
azo-groups in the molecule (dis- or tetrazo-dyestuifs). - 

Azo-dyestuffs of a green colour have not yet been obtained, 
although many form green compounds with acids. 

The so-called ^ azo-green,” although containing an azo-group, 
owes its colour to the rest of triphenylmethane present. 

Dyestuffs which contain benzene and no higher hydrocarbon are 
mostly yellow, orange-yellow, or brown. By the introduction of a 
naphthalene group, red colouring-matters arc formed, and blue and 
violet dyestuffs arc obtained if the naphthalene ring occurs several 
times. 

The introduction of a radical of totally indifferent properties (as 
the methoxyl group, — O CH 3 ) may produce a great alteration in 
the colour of the compound operated upon. 

The relative positions of the chromophor groups have ijjso a 
decided influence in this direction. The compound 


(HS0 3 ) 2 .^ 

v %)c 10 h 4 




-NC II 4 H 803)3 

JN a c lu u K]E | o 


is blue if the azo-groups are in the para-position in the benzene 
ring, and red if in the meta-position. 

The general rule that the depth of colour of a compqpnd 
increases with the number of atoms constituting the molecule, does 
not apply in all cases ; for example, the above dyestuff is redder, if 
the connecting benzene ring is replaced by a higher hydrocarbon. 

Nearly all azo-dyestuffs give characteristic colour-reactions on 
dissolving in strong sulphuric acid, and it is probable that in such 
cases the basic properties of the azo-group become apparent by the 
action of the strong acid. It is worthy of notice that most sub- 
stituted azo-dyes give the same reaction with sulphuric acid as the 
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azo-hydrocarbon from which they are derived. Azobenzene dis- 
solves in sulphuric acid with a yellowish-brown colour; and the same 
colour is obtained with its oxy- and amido-derivatives, although 
the latter are coloured red by dilute acid, a-azo-naphthalene, and 
its oxy- and amido-derivatives, give a blue coloration with concen- 
trated sulphuric acid. In mixed azo-compounds the presence of a 
sulpho-group may produce interesting changes according to its 
position. /3-naphthol-azobenzene, for example, 

C 6 H 5 — N s — C l0 H 6 OH, 

dissolves in sulphuric acid with a red-violet colour, probably the 
same which belongs to the mother substance, * 

C e H a -N 9 -C l0 H 7 . 

The same colour is obtained if a sulpho-group occurs in the benzene 
ring ; while, on the other hand, if this group is in the naphthol, the 
compound dissolves with a yellow colour, the same as azobenzene. 

These phenomena may be explained on the assumption that the 
sulpho-group exerts a salt-forming action with one nitrogen atom 
of the azo-chain ; and that in one case with the above compound, 
the nitrogen atom attached to the benzene ring is influenced, in 
the other that combined with the naphthalene. 

These colour-reactions become more complicated if several azo- 
groups are present in the molecule. 

Substituted azo-compounds are generally prepared by the action 
of diazo-compounds on phenols and amines. With the latter 
bodies the intermediate formation of diazo-amido compounds is 
often observed. 

Experience has proved that the azo-group enters in the para- 
position to the amido- or hydroxyl-group if this is free; if this 
poj^t is already substituted, the linkage takes place in the ortho- 
position. Condensations in the meta-position have till now not 
been observed. 

‘ Some azo-compounds may be converted into easily oxidisable 
hydrazo-compounds by cautious reduction, while all are decom- 
posed by the action of energetic reducing agents. In this case the 
linkage between the nitrogen atoms is dissolved, each atom being 
converted into an amido-group by; addition of hydrogen. Azo- 
benzene yields on reduction two molecules of aniline ; amidoazo- 
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phcnySaW, ° f ° n ° raolcCuIe ° f P ara - 

CJigN=N - C c H,NH 3 + 411 = C (i H 5 NIL + II 3 N-C ti II. 1 -NlI 3 . 
This splitting up forms in. many cases a means for recognition 
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°p , \ n ,° 7 ® lm S; which already contains the auxochrome 
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it has no connection with the azo-chain, and its function is appal 
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as a simple amidoazo-compound. 

Chrysoi’dine, 

C c H^N 2 -C 6 H 3 (NII 2 ) 3 , 

aniline 111 ^^^ ^ & Str0n ^ bas ‘ c dyestuff, while in an isomer parazo- 

NH 2 C G H t -N 2 -C 6 H,NH 2 , 

this property is absent. Probable +1 1 « , . , 

groups are influenced to a ! 7 *** f “"f.?’ 

with chrysoidine this is only l 7 ' aK0 ' cliain ’ wlule 
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•water. 5 recl 8aits which are decomposed by 

Tftrazoaniline, which in all f,.. , , . 

amido-groups, shows differ**? i lty contams two auxochromic 
these groups are saturated tS?” accordin S “ one or ^ of 
colour ; in presence of excess aClds 14 gives at fir8t a gWBU 

* or excess, however, a red colour. 
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Certain facts render it doubtful whether the auxochromic amido- 
groups enter into combination with the acid radical in the forma- 
tion of salts, and it is possible that the azo-group enters into 
combination. Amidoazobenzene, a weak base, retains its basic 
properties after acetylation, and forms red salts as before; while 
the simple amines such as aniline, which possess much stronger 
basic properties, yield on acetylation almost completely indifferent 
compounds. At any rate this fact strongly supports the assumption 
that there is a certain linkage between the azo- and amido-groups. 

Tk e *J*dphonic acids of the amidoazo-compounds are interesting 
in this respect. Apparently they are incapable of existing in the 
free state, at least from their colour it appears that the formation 
of a salt takes place between the sulpho-group and the basic 
group. 

Amidoazobenzene in the free state is yellow, while its sul- 
phonic acids have the red colour of the amidoazobenzene salts. 
If, however, the sulpho-group is saturated by an alkali, the salt 
produced has again the colour of free amidoazobenzene. 

These amido-sulphonic acids behave like acid dyestuffs, but in 
dyeing the fibre always takes the colour of their alkali salts or of 
the free amidoazo-base. 

The conclusions naturally drawn from this are that the sulpho- 
grpup^effects the combination with the fibre, and that the acid 
properties of the former are saturated by the latter. 

This property is still more striking with the sulphonie acid of 
phenyl amidoazobenzene (Tropaolin 00) ; this body exhibits a 
colour-change from orange to violet. 

The azo-compounds, though long known, have attained most of 
their importance in the last ten years, especially the scarlet-red 
shades, which have almost entirely replaced cochineal. The first 
azo-dyestuff used largely was triamidoazobenzene (phenylene 
browBj discovered by Caro and Griess in 18G7. 

For ten years after this no particular progress was made in this 
field, and the first synthetical production of azo-compounds 
appears with the discovery of chrysoi’dine by Witt and Caro. 

ChrysoVdine was rapidly followed by the introduction of the 
acid dyestuffs, discovered almost simultaneously by Witt and 
Koussin, and which, since the introduction of naphthols, have 
attained great importance. * 

The manufacture of azo-dyes is in general very simple. If a 
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benzene gives one molecule of aniline arid one molecule of para- 
phenylenediamine, 

C,H J ,N=N~C 8 H 4 NH # + 4H = C,II # NII 8 +H a N-C«H*-NH s . 

This splitting up forms in many cases a means for recognition 
of azo-compounds and for determining their constitution. By l'ar 
the greater number of azo-dyestuffs used technically arc sulphonie 
acids, while the number of basic azo-dyes is limited. Amidouzo- 
compounds of weak basic properties are not easily fixed in dyeing; 
they yield, however, useful basic dyestuffs if a second iumdo-eTm>p is 
introduced into the ring, which already contains the auxoohrome 
group. Probably this second group does not act as an auxochrome ; 
it has no connection with the azo-chain, and its function is appa- 
rently to supply the necessary attraction for the fibre. If both 
amido-gronps are in different rings, the resulting compound acts 
as a simple amidoazo-eompouud. 

Chrysoidine, 

C S H S — N s — C 6 H 3 (NII 3 ) 2 , 

for example, is a strong basic dyestuff, while in an isomer parazo- 
aniline, 

N H 2 C 6 H 4 — N : 2 — C 8 II 4 N H 2 , 

this property is absent. Probably in the latter ease both ataido- 
groups are influenced to a certain extent by the azo-chain, while 
with chrysoidine this is only the ease with one group. 

The amido-groups acting as auxochromic groups are therefore 
probably connected with the azo-group, and when combined with 
acids to form salts show a striking alteration in colour, while the 
amido-groups, which play merely a basic part, do not undergo 
this change. 

Chrysoidine, a case in point, forms stable salts with one molecule 
of acid, and their colour is little different to that of the base, while 
with an excess of acid a red di-acid salt is formed, which loses the 
second molecule of acid on treatment with water. On the other 
hand, amidoazobenzene forms red salts which are decomposed by 
water. 

Parazoanilinc, which in all probability contains two auxochromic 
amido-groups, shows different colours according as one or both of 
thefe groups are saturated. With acids it gives at first a green 
colour; in presence of excess, however, a red colour. 
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Certain facts render it doubtful whether the auxocliromic amido- 
groups enter into combination with the acid radical in the forma- 
tion of salts, and it is possible that the azo-group enters into 
combination. Amidoazobenzene, a weak base, retains its basic 
properties after acetylation, and forms red salts as before ; while 
the simple amines such as aniline, which possess much stronger 
basic properties, yield on acetylation almost completely indifferent 
compounds. At any rate this fact strongly supports the assumption 
that there is a certain linkage between the azo- and amido-gronps. 

The^j»ilphonic acids of the amidoazo-compounds are interesting 
in this respect. Apparently they are incapable of existing in the 
free state, at least from their colour it appears that the formation 
of a salt takes place between the sulpho-group and the basic 
group. 

Amidoazobenzene in the free state is yellow, while its sul- 
phonic acids have the red colour of the amidoazobenzene salts. 
If, however, the sulpho-group is saturated by an alkali, the salt 
produced has again the colour of free amidoazobenzene- 

These amido-sulphonic acids behave like acid dyestuffs, but in 
dyeing the fibre always takes the colour of their alkali salts or of 
the free amidoazo-base. 

The conclusions naturally drawn from this are that the sulpho- 
grpup^effects the combination with the fibre, and that the acid 
properties of the former are saturated by the latter. 

This property is still more striking with the sulphonie acid of 
phenyl amidoazobenzene (Tropaolin 00) ; this body exhibits a 
colour-change from orange to violet. 

The azo-compounds, though long known, have attained most of 
their importance in the last ten years, especially the scarlet-red 
shades, which have almost entirely replaced cochineal. The first 
azo-dj^stuff used largely was triamidoazohenzene (phenylene 
bromu^ discovered by Caro and Griess in 1807. 

For ten years after this no particular progress was made in this 
field, and the first synthetical production of azo-compounds 
appears with the discovery of chrysoidine by Witt and Caro. 

ChrysoVdinc was rapidly followed by the introduction of the 
acid dyestuffs, discovered almost simultaneously by Witt and 
Roussin, and which, since the introduction of naphthois, have 
attained great importance. * 

The manufactory ■ of azo-dyes is in general very simple. If a 
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diazo-compound lias to lie combined with a phenol, (lie former is 
prepared by dissolving the amine or its sulphouic add in water, or 
suspending them in as finely divided a state, as possible, and adding 
to the liquid the calculated quantities of hydrochloric acid and 
sodium nitrite. 

After diazotisation is completed the liquid is allowed to run 
into an alkaline solution of the phenol or its sulphouic acid, care 
being taken that the mixture remains alkaline. After some time 
the dyestuff is salted out, and is generally filtered through a 
filter-press. The combination of diazo-eompomuls witKjunines 
is somewhat more complicated. Some of those, for instance 
metaphenylenediamine, combine with diazo-eom pounds in neutral 
aqueous solutions; while others, like diphouyhuninc, are dissolved 
in alcohol, and a concentrated solution of the diazo-compound 
gradually added. In the manufacture of amidoazohcnzene and 
all compounds in which an intermediate formation of a diasso- 
amido-compound takes place, a large excess of the amine has to be 
employed, to hold the diazoanndo-eomponnd formed in solution. 

Sulphouic acids arc generally obtained by combination of diazo- 
sulphonie acids with phenols or diazo-bases with phenolsulphonic 
acids, in a few eases also by heating the azo-compound with 
fuming sulphuric acid. 

The principal application of azo-cU ertuffs is in wool-dyeing, 
and all acid azo-dyes may be directly dyed on animal fibres from 
an acid bath. 

On cotton they are generally incapable of complete fixation, as 
most of them form no real colour-lakes. Exceptions to this rule 
are certain tctrazo-compouiuk which dye cotton directly in the 
form of alkali salts of their sulphouic acids, 

Basic azo-dyes (chrysoidine, Bismark brown) are dyed like all 
Colour-bases on vegetable fibres prepared with tannic acid, ^Their 
principal application is in cotton-dyeing. 

A uniform method of nomenclature for all azo-compounds is 
much to be desired, but the strict application of such a principle, 
further than formation into groups, would lead to the necessity for 
.very' long, and often unwieldy names, without insuring certainty 
in regard to position. 

B’or this reason such a method has been avoided, and the bodies 
axe in general described under the names given them by their; 
discoverers. 
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I. AMIDOAZO-COMFOUNDS. 

Amidoazobenzene [ 5 , 6 ]. 

CD ( 4 ) 

c 6 h 5 -n=n-c 6 h 4 nh 3 . 

Amidoazobenzene is formed by tbe molecular transformation 
which diazoamidobenzene undergoes when brought in contact 
with aniline hydrochloride, best in aniline solution. It is there- 
fore the final product of the reaction which occurs when a salt of 
diazobenzene is treated with an excess of aniline, at a medium 
temperature. 

Its manufacture on a large scale depends on this principle : 
Aniline is treated with such quantities of hydrochloric acid and 
sodium nitrite, that about a third is converted into diazoamido- 
benzene, and that the latter remains dissolved in the excess of 
aniline. Further, the amount of hydrochloric acid is so calculated, 
that after decomposition of the nitrite some aniline hydrochloride 
rpmains in the mixture. The conversion of the diazoamido- 
benzene is aided by warming gently, and, when complete, the 
excess of aniline is saturated with dilute hydrochloric acid, and 
filtered from the sparingly soluble amidoazobenzene hydro- 
chloride. 

Free amidoazobenzene forms yellow needles melting at 127°* 5, 
which may partly be sublimed without decomposition. 

Its salts with acids are red and very unstable. They crystallise 
well, and possess a bluish reflex. They are decomposed by water, 
and-j«re difficultly soluble in dilute acids, a red solution being 
produced; With concentrated sulphuric acid, amidoazobenzene 
gives a yellowish-brown solution. It is easily split up on reduc- 
tion, aniline and paraphenylcnediamine being formed. 

By cautious treatment with zinc powder in alkaline solution it 
is converted into amidohydrazobenzenc, a colourless compound* 
which oxidises rapidly on exposure to the air, 

Amidoazobenzene itself is useless a* a dyestuff, but is important 
as a starting-point for the manufacture of various dyestuffs, 

i)2 
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An isomer of atmdoazobenzene, which contains the nmklo- and 
azo-groups in the ortho position, has recently been obtained by 
Janovsky [7], 

A mi doazolenzcnemonosul 'phonic Add [8, 9], 

m m> o> (0 

nso 3 c,jii.j— n = n - ey i ,n i u 

This acid is obtained with the disulphonic acid by attesting 
amidoazobcnzcnc with fuming sulphuric acid. It is formed in 
small quantities by the action of paradiazobtmxenesu] phonic 
acid on aniline hydrochloride. It may also be obtained by 
cautious reduction of nitroazobenzenasulphonie acid. 

As obtained by decomposition of its salts with hydrochloric 
acid, it forms a gelatinous flesh-coloured precipitate, which after 
some time changes to needles. Its salts throughout arc? sparingly 
soluble in cold water, but dissolve easily in hot wader. The 
sodium salt forms golden-yellow leaflets. 


Amidoazohemenedknlphome Add [S, 1)]. 

(1) CO 0 ) CO 

IISO, . C <} !1,N = N — C«TT 3 X 1 1 jSOgll. 

This acid is produced by tbe energetic action of fuming sulphuric 
acid on amidoazobcnzcnc. It forms shimmering violet crystals 
resembling chromic chloride, which on drying disintegrate. 

The acid is easily soluble in water, but separates on addition of 
a mineral acid. Its salts are yellow, very easily soluble, and 
difficult to crystallise. 

The sulpbo-groups are present in both rings, and on redi&tion 
the body yields sulphanilic and paraphcnylenediannnesulphonic 
acids. 

Both these sulphonie acids of amidoazobenzene, and especially 
.the disulphonic acid, are valuable yellow dyestuffs, and the sodium 
salt of the latter comes into commerce as Acid Yellow or Past. 
Yellow. A further application of these acids is in the preparation 
of tetrazo-dyestuffs, for example Biebrich- and Croceih-scarlets. 
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Acetyl amidoazolenzene [ 71 ], 

C 6 H fl — N = N — C 6 H 4 N jj g0 > 

forms yellow leaflets melting at 141°. It dissolves in hydro- 
chloric acid with a red colour, and is only saponified on boiling. 


Limetliylamidoazobenzene [ 10 ]. 

(1) (4) 

C 6 H # -N=N-C 8 H 4 N^gj. 

Bimethylamidoazobenzenesulphonic Acid [ 11 ]. 

(1) (4) (1) (4) 

HS0 8 -C 6 H4-N=N-C 6 H 4 -N(CH 8 ) 8 . 

Dimethylamidoazobenzene is obtained by action of dimethyl- 
aniline on hydrochloride of diazobenzene, and if the latter be 
replaced by diazobenzenesulphonic acid, the above monosulphonic 
acid % formed. 

The base forms golden-yellow leaflets melting at 115°. Its 
hydrochloride, C 14 H 13 N 3 ,HC1, forms violet needles sparingly 
soluble in water. The basic character of amidoazobenzcne seems 
to be increased by introduction of alcohol radicals into the amido- 
group, as the salts of dimethylamidoazobenzene are far more 
stable than those of amidoazobenzene. A dilute solution of the 
. base becomes reddened by a trace of acid, and on this fact 
depends its application as an indicator in alkalimetry. Acetic acid 
&ti(htoidosulphonic acids are without action on the compound. 
Dimethylamidoazobenzene is sometimes used for colouring butter 
and candles. 

The monosulphonic acid forms brilliant violet needles, which 
are sparingly soluble. Its salts are yellow, and mostly well 
crystallised. 

The calcium salt is obtained as a lustrous precipitate by adding 
calcium chloride to a solution of the tfodium salt. 

The sodium salt of this sulphonic acid has been used as a 
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dyestuff under the names Tropifolm II, Orange III, mid Ileli- 
anthine. It gives fine orange shades on wool and silk* but owing 
to its sensitiveness towards acids has not met with great success. 


Phmylamidoazahfflzene [1 2], 

cjr r ~N=N^cyr,Niicjf^ 

is formed by the action of diazohonzene chloride on diphenyl- 
amine. It crystallises in golden-yellow prisms or leaflets, 
M.P. 82°. 

It is solubje in alcohol, ether, benzene, and ligroine, insoluble 
in water. Acids colour the alcoholic solution violet, the salts 
being precipitated as grey crystals. It dissolves in concentrated 
sulphuric acid with a green colour, changing through blue to 
violet on dilution with water. By action of amyl nitrite a nitres- 
amine, M.P. 119°'5, is obtained. On reduction it yields aniline 
and paramidodiphcnylamme. 


Phenijlamidoazolmizemmil phonic Acid [12]. 
IISO s -CJ^ 

(Tropaolix 00, Orange IV.) 

Is obtained by action of p-diazohcnssencsul phonic acid on an 
acid, alcoholic, diphenylamine solution. The free add forms 
needles resembling graphite, which dissolve sparingly in water 
with a red- violet colour. The salts are well crystallised, and, with 
the exception of the insoluble calcium and barium salts, dissolve 
easily in hot water, less easily in cold water. ConcerHsSftted 
sulphuric acid dissolves the compound, forming a violet soktion. 
The spdium salt has a large application, and comes into commerce 
under the above designations. It dyes wool and silk a beautiful 
orange. 

An isomeric compound prepared from metamidobenssene-, 
sulphonio acid is known as Metanil Yellow and dyes somewhat 
yellower shades. 
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Yellow dyestuffs are also obtained by action of diazotoluene- 
sulphonic acids on diphenylamine. 

Nearly all phenyl amido azo-compounds yield nitro-derivatives 
when their nitrosamines are carefully treated with nitric acid. 
The nitro-group enters into the diphenylamine^ and certain 
"bodies obtained in this manner are used under the names Azo- 
flavine., Citronine, and Indian Yellow. They are distinguished 
from the original dyestuffs by their yellower shade. 

Experimental trials have also been made with higher sulphonic 
acids phenylamidoazobenzene. 


Amidoazotoluenebenzene [ 13 ]. 

(1) (4) (1) (4) 

C g H 4 CH 3 - n = nc 6 h 4 nh 2 . 

From paradiazotoluene and aniline. Forms long yellowish- 
brown needles melting at 147°. 


Ami doazotoluenes. 

0) (2) (1) <B> (4) 

A. C 6 H 4 CH^N==N-C e H 3 CH 3 NH 3 . [13] 

Is* obtained from orthotoluidine in a similar manner to amido- 
azobenzene from aniline. M.P. 100°. 

(1) (4) (1) (3) (4) 

B. C 6 H 4 CH 3 -N=N-C 6 H 6 OH 3 NII 3 . [13] 

From paradiazotoluene and orthotoluidine. M.P. 127-128°. 

(1) (3) (1) (2) (4) 

c. c 6 h 4 c h 3 ~ n = n - c 6 h 8 ch 8 nh 8 . [ 13] 

From metatoluidine. M.P. 80°. 

(1) (4) a) (2) (4) 

D. C e H 4 CH 8 - N = N - C 8 H 8 CH 8 NH 8 . [13] 

By the action of paradiazoamidotoluene on metatoluidine* M.P. 
127°. 

(1) (4) (1) (4) (2) 

E. C 6 H 4 C Hg — N = N — C 6 II 3 CH 3 N Ho. [14] 

By the interaction of paradiazoamidotoluene and paratoluidine. 
M.P. 118°*5. 
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These amidoazo toluenes, when treated with fuming sulphuric 
acid, yield sulphonic acids, some of which are used as yellow 
dyestuffs. 

The first four amidoazotolucnes, A, B, C, 1), contain the amide- 
group iu the para position to the azo-group. They are all reddened 
by acids, and yield paradiamidotoluenc on reduction. 

The last compound, E, contains the groups in the ortho position ; 
it is coloured green by acids, and yields orthodiamidotoluene on 
reduction. 


Amidoazoxylenes, 

Seven isomeric amidoazoxylencs are known, but for a description 
reference must be made to the literature of the subject [35, 1(5]. 

Generally speaking, their properties are similar to those of 
amidoazobcnzenc and the amidoazotoluenes. 


Diamidoazolenzenes [12, 13]. 

A. ChrywUluie [17, IS]. 

n> 

w Nil., 

C 8 H < -N=N-C )i n 3 <•>»". 

i\ U, 

Chrysoidine is prepared by mixing equivalent quantities of 
solutions of diazobenzene chloride and inetaplienylenediarnino. 
The base crystallises from hot water in yellow needles, M.P. 
3 3 7 0- 5. It dissolves sparingly in water, easily in alcohol, ether, 
and benzene [18]. 

It forms two series of salts with acids [38] ; the monoacid salts 
are stable and yellow in solution, the diacid salts are red an<f*Sro' 
decomposed by water. " 

C 12 H I3 K4,HC1 is obtained in two forms according to whether 
it has been crystallised rapidly or slowly. In the first ease it 
forms long 1 red felted needles, and in the latter anthracite black 
aggregates of octahedrons possessing a green reflex. With an 
excess of hydrochloric acid, C lt H w N 4 (IICl), is obtained, a salt 
soluble with a red colour, but^decomposed by water. 
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On reduction chrysoidine splits up, aniline and triamidohenzene 
being produced. 

Ci 2 H n N 4 (C 3 H 3 0 ) 3 is formed by warming chrysoidine with 
acetic anhydride; forms yellow prisms, M.P. 250° [18]. 

It yields a dimethyl derivative on warming with methyl iodide. 

Tetramethylchryso’idine has been prepared by the action of 
diazobenzene chloride on tetramethylphenylenediamine. 

A sulphonic acid may be obtained by treating chrysoidine with 
fuming sulphuric acid, or by allowing paradiazobenzenesulphonic 
aciS ferfeact with metaphenylenediamine. 

Chrysoidine, which was discovered by Witt, is one of the few 
basic azo-dyestuffs, and like all basic colouring-matters dyes cotton 
mordanted with tannic acid. Its principal application is in cotton- 
dyeing, especially for shading purposes. It gives a yellowish- 
orange colour. 

It is of historical interest, as being the first azo-dyestuff pre- 
pared by a direct synthesis. 


Be Symmetrical Amidoazolenzene [19, 20]. 

Par azoani line, 

<D (4) CD (*l) 

NH 9 - C 6 H 4 - N = N - C 6 Ii 4 - NHo, 

is formed by saponification of the acetyl compound described 
below, and by reduction of the compound obtained by action of 
paranitrodiazobenzene on aniline. 

It forms long, flat, yellow needles. M.P. 140°. 

It is sparingly soluble in water and benzene, easily in alcohol. 

The monoacid salts dissolve in alcohol with a green colour, 
*wKle the diacid salts give a red solution. 

-Acetyl derivative [20] ? C J3 H n N 4 (C 2 H : jO), is obtained by the 
interaction of aniline and paradiazoacetanilidc in presence of a 
little hydrochloric acid. M.P. 212°. Its salts dissolve with a red 
colour. 

Diacetyl derivative, C 1 oH 10 N 4 (C 2 H y O) 2 , is formed on reduction 
of paranitroacetanilide with zinc powder and alcoholic ammonia 
[19]. It forms yellow needles. M.P. 282°. 
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Tetrametliyl derivative [21], 

m n> (n mi 

(C II :] ) S N C ,11, X = N - C J l, M (Cl f ;s ) , 

(Azyline), is formed hy the action of nitric oxide on dimethyl- 
aniline, and hy action of paradiazodimcthylamlinc on the same 
amine [22]. 

Diphenine of Gerhard t and Laurent [23] and hydrazoaniline 
of Haarhaus [2i<] arc regarded as hydrazo-com pounds * they are 
probably diamidoazo-compounds, as they possess tinetoskd pro- 
perties in a marked degree, which is not usual in hydraxo- 
compounds. t 


Trmmidoazolenzene . 


0} 


0 ) M) y KIL ri _, 

n s NC,« 4 -N=N-C # n 3 < <»>' 1>] • 

ML 


(PlIEKYLKJTB BROWN, VeSCVINE, BtSMARK BltOWN.) 

Triamidoazobcnzene forms brownish-yellow warty crystals, 
which dissolve sparingly in cold water, easily in hot water. M.P. 
137°. Acids colour the brownish-yellow solution reddish bfown, 
and produce diacid salts. 

Triamidoazobcnzene is formed along with other azo-compounds, 
on treating metaphenylenedi amine with nitrous acid. Its hydro- 
chloride forms the principal constituent of the dyestuffs known 
under the above names. (A more recent view is that Bismark 
brown consists partly at least of a compound of the formula 


C 6 1I 


/ fi > ,-C,H # *(Nn l ) # 

*\N s ~C 6 Ha=(NH 9 y 

w 


which, is to be regarded as a metaphenylenodiamine disazoraeta- 
phenylenediamine.) 

With the exception of chrysoi’dine, Bismark brown is the only 
basic azo-dyestuff in practical use. It is used in dyeing cotton and 
leather. 

Diamidoazotoluenes. [See 26, 27.] 
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Benzeneamidoazonaphthalene [ 28 , 29 ], 
c 6 h 5 n=n-c 10 h 6 nh 2 « 7 

is obtained by interaction of diazobenzene chloride and a-naph- 
thylamine.* 

Snlphonic acids may be obtained by action of paradiazobenzene- 
sulphonic acid on a and /3 naphthylamine. 

A corresponding toluene compound has been prepared by action 
of paradiazotoluene on a-naphthylamine [27]. 

The dyestuff known as orchil substitute or orseilline is prepared 
by action of paranitrodi azobenzene on naphthionic acid (a-naph- 
thylaminesulphonic acid). It produces reddish-broVn shades on 
wool and is dyed from an acid bath [72] . 

Amidoazonaphthalene , 

a C 10 H 7 N =N— C 10 H c NH 2 u [30], 

is formed by action of nitrous acid on excess of a-naphthyl- 
amine, and is best prepared by mixing a solution of two molecules 
of a-naphthylamine hydrochloride with one molecule of sodium 
nitrite. The base forms reddish-brown needles, which show a 
greQji reflex; it melts at 175°, and is sparingly soluble in 
alcohol, readily in xylene. 

The salts dissolve in alcohol with a violet colour, and are 
decomposed by water. 

The azo-group is present in the a para position to the amido- 
group. 

Sulphonic acids of this compound are obtained by direct sulpho- 
nation, or by combination of diazonaphthalenesulphonic acid with 
a-naphthylamine. 

UT \ disulphonic acid of amidoazonaphthalene is obtained by 
action of sodium nitrite on naphthionic acid; its constitution 
differs from that of the above acids, as the second a-position 
usually taken by the azo-group is occupied by the sulpho-group in 
naphthionic acid. 

The corresponding /3-amidoazonaphthalene is obtained in a 
similar manner from ^-naphthylamine ; it melts at 156°, and is 
a slightly weaker base. • 

Mixed amidoazpnaphthalenes have also been prepared. 
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II. OX V AZO-CO. M PO U X US. 

Oxyazulanznie [31, 32, 33J. 

C’oIIj -N = X — C (i I I jOil . 

( I’henoldiuzohmzene .) 

Oxyazobenzene is prepared by interaction of diazobenzs'iie 
chloride and phenol-sodium [.‘12], and is also formed by action of 
barium carbonate on salts of diazobenzeno [31]. 

It may further be obtained by treating the isomeric azoxv- 
benzene with sulphuric acid [lit], and by the action of nitroso- 
phenol on aniline [33]. 

It forms needles, M.P. 151°; it is slightly soluble in water, 
easily in alkalies and in alcohol. 

Parasulphouic acid — 

<t) a> (ii 

IlSO s -C u lI. 1 -N=X-C 0 II, t OII, 

may be obtained by direct sulphonation, or by action of paradi- 
azobenzenesul phonic acid on phenol-sodium. 

This compound was formerly in commerce as Tropiiolin Y,~but 
owing to its dull brownish shade was soon displaced. An isomeric 
metasulphonic acid is formed by action of mctadiazobcuzencsul- 
phonic acid on phenol-sodium [3(j] . 


Dioxyazdmizene [35]. 


a. 


Unsymnwtrical : 


C 8 H s N = N-C fi II 3 < 


0) 

,011 

. (SI 

OH 


• This compound is prepared by action of diazobenzene chloride 
on resorcin in presence of an alkali. 

It forms red needles, M.P. 101° ; and is soluble in alcohol, ether, 
and alkalies. 



0XYAZ0-C0MP0UNDS. 


45 


Parasulphonic Acid . 


HS0 3 ~C g H 4 -N=N~C 6 H 


OH 

3 OH* 


(Tropaolin O.) 

This dyestuff is prepared by action of paradiazobenzenesulphonie 
acid on resorcin [36, 37] , and is also formed by sulphonation of 
dioxyazobenzene [37]. 

Theiree acid forms needles, which appear almost black with a 
greenish lustre by reflected light, and red by transmitted light. It 
is a strong acid, capable of liberating hydrochloric acid from a 
solution of common salt, thereby forming a sodium salt. 

The salts are orange-yellow, and are only decomposed by con- 
centrated hydrochloric acid or by dilute sulphuric acid. 

Tropaolin O is a strong dyestuff, producing a fine golden- 
yellow shade on wool and silk, being dyed from an acid bath. It 
was formerly used in silk-dyeing. 

The metasulphonic acid is obtained from metadiazobenzene- 
sulphonic acid and resorcin [36]. 

j8. Symmetrical dioxyazohenzenes (Azophenols) [38] : — 

a. Para-azophenol 

is formed on melting paranitro- or nitrosophenol with potash, 
M.P. 204°. 

b. Ortho-azophenol 

is formed similarly from ortlxonitrophenol, M.P. 171°. 

Owyazolenzenetoluene [33], 

CH 3 C g H 4 - N = N - C g H 4 QII, 

( Phenolazo to hiene . ) 

is obtained from nitrosophenol and paratoluidine, M.P. 151°. 

Cumeneazoresorci% 

, (CH 3 ) 3 C 6 H 2 -N=N^C 6 H 3 (OH) 2 , 
from diazocnmene and resorcin [39], M.P. 199°. 
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Amvlo-oxjjnzobenzene [ 40 ], 

(i) f") CD fn 

I1,NC ( ;I I,- N = N' - C t; 14, (( ) i I) (M.p. l«8 r ), 
is obtained by saponification «>B tbe aeefcyl-eoinpound 

QrihjON II — C |{ 1 [ 4 — N — ZST ~C <; II ,() II (M.R 208"), 

which is prepared by interaction of phenol-sodium and the diazo- 
compound from monoacetylmetaphenyl(‘ne<liamim\ 

Oxyazo-eompounds are also obtained by action of dmxo-eom- 
pounds on the isomeric cresols [39, Id, *i*2) . 

a- A zottftph tlm fane-resorci n [4 0 ], 

forms red needles, IS Lib about 200°. 


NAidrfn<)LAzo-rndC8TUPF8. 

These dyes belong to the oxvazo series, and have within the last 
ten years attained enormous importance, on account of the beauty 
of their shades and their strong tinctorial properties. For these, 
and other reasons, they are worthy of being studied as a separate 
class. 

The isomeric naphthols combine with all diazo-compounds, pro- 
ducing azo-compounds, and with a-nsiphthoi 


OH 



a a 


the azo-chain enters into the second a-position of the substituted 
ring. ^ This is exactly analogous to the formation of the corre- 
sponding compounds with benzene derivatives containing a free 
para position. The simplest a-naphthol azo-compounds are con- 
stituted as expressed by the following formula; 
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N=N~ 


/3-naphthol 



a <3 


has no free para position and the azo-group enters’ in the ortho 
position , viz. in the adjacent a-position : 


«— N=N— 



a a 


The case is different when these positions are already occupied 
by other groups, for example, by the sulpho-group, With a-nupli- 
tholthe azo-cliain enters into the adjacent /3-position; for instance, 
with a-naphtholsulphonic acid azo-compounds of the general 
formula 

Oil 

a a 

/ / \a-N=N_ 

U 

a a 

USQa 



are formed. 
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The formula with /3-naphthol : 


a 


),FJ 



a a 


f 

is probably correct, but 1ms not been proved to be absolutely 
certain. In general, azo-compounds containing the ohromopltorio 
and auxoehromic groups in the ortho position are far more valu- 
able as dyes than their allies of the para-series. 

The latter have the undesirable property of altering tlu*ir shade 
on treatment with alkalies or acids in a much higher degree than 
the former compounds. This applies equally to oxy- and amido- 
azo-compouuds, especially those of the naphthol series. 

For this reason /3-naphthol gives more useful dyestuffs than a~ 
naphthol. 

The derivatives of the latter exhibit striking changes in colour 
on treating with alkalies. 

If, however, the para position in a-naphthol is substituted, as 
in the a a-sulphonie acid, the azo-group enters in the /3- (ortho) 
position, and stable and useful dyes are obtained, Diazo-eom pounds 
are capable of reacting on /3-naphthol once, while a-naphthol, like 
phenol, reacts with two molecules of a <1 mo-compound. In the 
resulting dia-azo bodies the second azo-group is probably in the 
/3 1-position, as expressed in the following formula : 

on 


a a 



a a 

N=N — 

The naphthol azo-dyes are Almost exclusively applied in form of 
their snlphonic acids. These may be obtained by combination of 
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sulphonated diazo-compounds with naphthols, or o£ diazo-com- 
pounds with naphtholsuiphonic acids. 

The sulpho-group of the diazo-compound has little or no influ- 
ence in the shade of the dyestuff, hut the isomeric naphtholsui- 
phonic acids are capable of giving totally different dyestuffs with 
the same diazo-compound. In most cases this may be attributed 
to the different positions of the azo-group already mentioned. It 
is necessary for a correct comprehension of the following dyestuffs 
to consider the principal naphtholsuiphonic acids somewhat more 
closely, for although our knowledge in this direction is incomplete, 
many valuable researches have been made in recent years, of which 
those of Armstrong are especially worthy of mention* 

At present three monosulphonic acids have been obtained from 
a-naphthol, but the constitution of only one of these is known with 
any degree of certainty. This is the a a - acid prepared by Nevile 
and Winther, and studied more closely by Witt. It is obtained by 
decomposition of the diazo-compound of naphthionic acid with 
water, and from its method of formation is constituted according 
to the formula : 


OH 



S0 3 H 


This formula agrees well with the nature of the dyestuffs 
obtained from this acid ,• they are totally different to the simple 
a-naphthol dyes, as the azo-group enters in the j3 1 position and 
not in the a 2. 

The dyestuffs from a-naphthol and diazo-compounds of the 
bsnzene series are orange or brown, while those from the a a-acid 
are mostly of a beautiful ponceau - red tone. 

A second acid was prepared by Schaeffer, in 1869, who probably 
obtained it mixed with the a a-acid, 

Schaeffers acid is obtained along with the latter acid by heating 
a-naphthol with concentrated sulphuric acid on the water-bath. 
It differs from the cua - acid by the sparing solubility of its sodium- 
salt in alcohol, and more especially by tihe dyestuffs it yields. These 
are analogous to the corresponding a-naphthol derivatives, and 
therefore very probably para-compounds. 
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The acid has probably the constitution expressed by the follow- 
ing formula : 



as it yields dinitronaphthol on treating with nitric acid, and phthalic 
acid on oxidation. 

A third acid has been prepared by Baum, but little is known of 
its constitution. [Patent, 1883, No. 3198, Provisional Specifi- 
cation.] 

Claus and Oehler have examined an acid [75] to which they 
ascribe the constitution <Zj a 2 , but it is doubtful whether it is iden- 
tical with the Schaeffer or with the Nevilc-Winther acid. 

It may be as well to take this opportunity of remarking that a 
method often used for determining the constitution of naphthol- 
sulphonie acids appears not to be trustworthy, as molecular changes, 
which occur so frequently in the naphthalene series, appear to take 
place hero also. This is the method depending on the conversion 
of the acids into chloronaphthalenes by means of phosphorus 
pentachloride, Indeed the results so obtained often differ from 
all others. 

The Schoellkopf Aniline Co. have patented an acid obtained 
by nitration of a-naphthalenemonosulphouic acid, reduction to 
amido-acid, and conversion into naphtholsulphonic acid by the 
diazo-reaction. It is so far characteristic as it gives a scarlet with 
diazotoluene, while its isomers give oranges. [D.P. 15871.] 

a-naphthol also yields a disulphonic acid (?) , and a trisulphojjic* 
which, however, have no importance in the manufacture of azo- 
dyes. 

jS-naphthol, on treating with sulphuric acid, gives in the first 
instance three monosulphonie acids. 

One of these (the a-sulphonie acid or crocei'n-acid) is best ob- 
tained at a low temperature. By further heating with sulphuric' 
acid it goes over into the /St- or Schaeffer’s acid, which was pre- 
pared by Schaeffer a long time ago. These acids are distinguished' 
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principally by the 
pounds : 


different solubilities of their disodium com 


so 3 isra 

c \ONa • 




The basic salt of the a-acid is easily soluble in hot alcohol, 
•while that of the Schaeffer acid is almost insoluble. 

The third acid, -which has only recently been identified by its 
conversion into the corresponding /3-naphthylaminesulphonic 
acid, is identical -with the F- or S-acid. [Green : B. B. 1889, 
p. 721.] 

From the facts that azo-dyes from Schaeffer’s acid differ but little 
in shade and solubility from those obtained from /3-naphthol, and 
that simple (3-naphthol azo-compounds on sulphonation always 
yield derivatives of Schaeffer’s acid, and never those of crocein- 
acid, it may naturally be concluded that the azo-group enters in 
the same position both in /3-naphtliol and in Schaeffer’s acid. This 
is the a.j position. 

The behaviour of the a-acicl is totally different. The dyestuffs 
do not resemble those from Schaeffer’s acid and /3-naphthol in the 
least, either as regards shade or solubility. Further, this acid may 
easily be converted into a dinitro-compound with nitric acid, and 
this is not the case with either /3-naphthol or Schaeffer’s acid. 
Another striking property of the a-acid is that its combination with 
diazo-compounds takes place with much more difficulty than is 
experienced with Schaeffer’s acid. Its constitution is therefore 



justifying the designation /3-naphthol-a-monosulphonic acid for 
this acid. The conversion of the cori’esponding /3-naphthylamine- 
sulphonic acid into a-naphthalenesulphonic acid also shows that 
it is really an a-acid. 

Schaeffer’s acid yields sulphophthalic acid on oxidation, showing 
that the hydroxyl and sulpho-groups are in different rings. 

: ' e 2 
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Nod ting ascribes the following constitution 
acid : 



to Schaeffer’s 


A third sulphonic acid is that of Cassella and Co., prepared* by 
heating napbthalene-o-disul phonic acid with caustic alkali. 

This acid fe technically known as h’-acid, and is identical with 
the acid prepared by the diazo-reaction from Bayer’s /3-uaphthyl- 
amine-S-sulphonie acid. 

Without doubt it has the constitution : 



It is without importance for preparing azo-dyes. 

Of the /3-naphtholdisuiphonic acids, three are used in the 
colour-industry [73, 74]. Two of these are formed by energetic 
action of sulphuric acid on / 3 -naphthol, and may be separated by 
taking advantage of the different solubilities of their sodium salts 
in alcohol or in concentrated salt-solution. 

The acid soluble in alcohol and salt-solution (G-acid of Mcister, 
Lucius, and Briining, 7 -acid of Cassella and Co.) behaves very like 
/ 3 -naphthol-rs-monosulphonic acid (crocein acid), and must be 
regarded as a derivative of the latter, as it is formed quantitatively 
on further sulphonation of crocein acid. It may also he olitaiwsd 
from Schaeffer’s acid (this is contradicted by some chemists), and 
Armstrong gives it the following formula ; — 

IISOj 
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The azo-dyes from G-acid are yellowish and easily soluble, and 
are very similar to those from the a-monosulphonic acid. 

The disulphonie acid from the sodium salt, sparingly soluble in 
alcohol and salt-solution (R-acid, Meister, Lucius, and Br lining), 
gives dyestuffs of considerably bluer shade, and also more diffi- 
cultly soluble. They are, however, very important. 

This R-acid is best obtained by further sulphonation of Schaeffer’s 
acid, and it is also stated that G-acid is converted into R-aeid on 
heating with sulphonic acid. The constitution of the R-acid is 
expressed by the formula : — 


Another disulphonie acid, /3-naphthol-S- disulphonie acid is 
prepared by further sulphonation of the F-acid. It has the con- 
stitution 




A /3-naphtholtrisulphonic acid is obtained by sulphonation of 
^-naphthol with fuming sulphuric acid at a high temperature* It 
has been used for the preparation of azo-colours. 


Azolenzene-ot-naplithol [ 1 ], 

0 6 H 6 — N=N— C 10 H 6 OH a, 

is prepared by action of diazobenzene chloride on an alkaline 
solution of /3-naphthol. It forms yellow leaflets, which dissolve 
in alkalies with a violet colour. 
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Monosul phonic Add [11]. 

IIS0 3 - C tl II t -N = N — C,„lI,i()I I a. 

(Orange I. Tkopaolin OOO No. 1.) 

This dyestuff is prepared by action of paradiazobenzene- 
sulphonie acid on a-naphthol. The free acid forms almost black 
leaflets, with a green reflex, which dissolve in concentrated 
sulphuric acid with a violet coloration. Its alkali salts areorai*ge- 
yellow, and dissolve easily in water. The solutions become red 
with excess of alkali (distinction from /3-naphthol dyestuffs). 

The sodium salt is used in dyeing under the above names. 

It dyes wool and silk in an acid bath, producing an orange 
shade, which is somewhat redder and not so bright as that obtained 
with the corresponding /3-naphthol orange. The calcium salt is 
amorphous and insoluble. Owing to the sensitiveness which these 
dyestuffs exhibit towards alkalies, the /3-naphthol derivatives are of 
considerably more importance. 

Azobenzene-fi-naphthot [ 1 ]. 

C 6 HjN— N — C j„H n OH. 

Yellow leaflets, insoluble in alkalies. 


Monosulphonic Adds. 
i. Hsba-CaHi-N^N-C^IIjOEiS. 

(Orange II. Tkopaolin 000 No. 1.) 

Prom paradiazobenzcnesul phonic acid and /3-naphthoIT (Che 
acid forms orange-yellow leaflets, soluble in water. The crystals 
on drying lose water and fall to a powder resembling red lead. 
The alkali salts are similar to the acid, and are unchanged by 
excess of alkali (distinction from a-naphthol dyestuffs). Its 
calcium salt dissolves sparingly, the barium salt not at all. The 
compound dissolves in concentrated sulphuric acid with a magenta- 
red colour. On wool and sMk it gives a beautiful orange, and is 
one of the most important azo-dyes. 
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ii. C 6 H 5 -N=N-C 10 H 5 OHHSO 3 . 

(Ceocei'n Okange.) 

Prom diazobenzene and Schaeffer’s /9-naphtholmonosulphonie 
acid (/9-acid). The shade of the dyestuff is somewhat yellower 
than that of the former. It gives an orange-yellow solution with 
concentrated sulphuric acid. 

Disulphonic Acids. 

.^(HSO,), 

C 6 H 5 — N=N— C 10 H 4 \ e • 

UH 

Oeaege G. 

Is obtained by the action of diazobenzene on /S-naphtholdisul- 
phonic acid (the modification G, soluble in alcohol). It is a 
yellowish-orange dyestuff, which gives an orange-yellow solution 
with concentrated sulphuric acid. 

SCAELET 2 G. 

This dyestuff is an isomer of the above, prepared by action of 
diazobenzene chloride on the R modification cf /9-naptholdisul- 
phonic acid. 

Amidoazohenzene-(3-naphtholdisulphonic Acid. 

(i) (n y(HS0 3 ) 2 

h 2 n-c 8 h 4 -n=n-c j0 h/ O j| • 

A/*May be obtained by saponification of its acetyl derivative, and by 
combination of /3-naphtholdisulphonic acid (R) with paradiazo- 
aniline [44] (from paraphenylenediamine and one mol. HN0 2 ). 
It forms brownish-yellow leaflets, which dissolve in alkalies with a 
violet colour, becoming red with excess of alk ali. 

■ , Acetyl derivative 

' C 2 H 3 0 . HN-C s H 4 -N 2 -Cr 0 H^ (H s 8 ° 3)2 [43], 
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From p-diazoacctanilid aisd naphtholdisulphonic acid ; forms red 
leaflets. 

Dyestuffs obtained by combination of tbo diazotoluenes and 
tbeir sulphonie acids with /3-uaphthol and its sulphonie acids arc 
also of teclmical value. 

Azo-dtes from /3-Naphtholdisulphokic Acids axd the 

HIGHER I-IOMOLOGUES OF DlAZOBK-VZEXK [45], 

It lias already been remarked on p. 53 that the isomeric 
disulphonic acids of /3-naphthol give dyes of totally different 
shades with 'diazo-compounds. This is probably caused by the 
azo-group entering in a different position in the naphthalene 
nucleus. This property is made use of in the colour-industry. 
The acid corresponding to the sodium salt soluble in alcohol 
(G-aeid, Meister, Lucius, and Briining) gives orange-yellow dyes 
•with diazo-compounds of the benzene series, and scarlets with 
those of the naphthalene series ; while the E-aeid (Meister, 
Lucius, and Briining), from the sodium salt insoluble in alcohol, 
gives red dye-stuffs with the diazo-compounds of the benzene 
series, varying in depth according to the molecular weight of the 
latter [45]. 

The R-acid, when combined with the diazo-compounds of the 
xylenes and higher homologues of benzene, gives rise to a series 
of scarlet dyes, which have a wide application in wool-dyeing 
under the names Ponceau 11, RE, ERR, and G. o-diazonaphtha- 
lene gives a deep claret-red (Bordeaux B), With diazonaphthalene- 
sulphonic acid and R-acid, a colouring-matter known as “Ama- 
ranth ” is obtained. Orthodiazoanisol and its homologues give flue 
red dyestuffs known commercially as Coccinines. 

The dyes from diazo-compounds of the benzene series*' (Pqp- 
ceaux R, RR, RRR, and Coccinines) form scarlet powders, -which 
dissolve in strong sulphuric acid with a red colour. They give 
crystalline calcium salts which are soluble in hot water. Dye- 
stuffs containing naphthalene rests on both sides dissolve in 
sulphuric acid with blue or violet colour. 
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The following Table contains the most important dyestuffs 
prepared from the naphtholdisulphonic acids, excluding those 
belonging to the tetrazo class, which are mentioned later : — 


Ponceau 2 G (Meister, Lucius, & 

Briining) 

„ II (Badische Aniline- und So- 
da fab.), 

„ 2 It (Acticnges f. Aniline) . . 

„ 8 R {Meister, Lucius, & Briin- 

* ing) 

„ 8 R (Bad, Aniline- und So- 

dafab.), 

„ 4 It (Actienges f. Aniline) . . 

„ 2 It (Meihter, Lucius, &Briin- 

htg) 

Bordeaux B (do.) * 

Amaranth (Cassella & Co.) ........ 

Bordeaux S(Meister, Lucius, &Bruning) 
Coccinin (Meister. Lucius, & Briining) 

Phenetol Red (do.) 

Anisol Red (do.) 

Orange G (Meister, Lucius, & Briining) 
Ponceau 2 G (Bad, Anil. & Sodaf. ) . . 
Crystal Ponceau (Cassella & Co.) .... 


R-acid and diazobenzene. 

R-acid and diazopara- and metaxy- 
lene (from coml. xylidine), 

R-acid and diazometaxylene (pure). 
R-acid and diazoethylmetaxylene). 

R-acid and diazopseudocumene. 

Do. * 

Do. 

R-acid and diazonaphthalene. 

R-acid and a-diazonaplithalene-sulph. 

acid. 

Do. 

R-acid and diazoanisol. 

Do. and diazopkenetol. 

Do. and liomologues. t 
G-acid and diazobenzene. 

Do. and diazopseudocumene. 

Do. and a-diazonaphthalene. 


a-Azonaphthalene-^na^hthol. 

0 

C 10 H 7 — N-— N 2 — C 10 H 6 OH (a-/3-oxyazonaphthalene) . 

Is obtained by interaction of a-diazonaphthalene chloride and /?- 
naphthol. 

Monosulphonic Acid [47J. 

HSO 3 C 10 H 6 -N=N-C 10 H 6 OH. 

(Fast Red, Roccelline.) 

This is obtained by the action of a-diazonaphthalenesulphonie 
acid on /3-naphthol. 

The acid and its sodium salt both form brown needles, sparingly 
soluble in cold water, easily in hot, separating from the hot 
solution as gelatinous precipitates % The calcium and barium 
salts are insoluble and amorphous. The compound possesses 
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very strong tinctorial properties, dyeing wool and silk red. The 
shade is bluish atul not particularly bright. It dissolves in con- 
centrated sulphuric acid with violet colour, separating in brown 
flocks on dilution. 

Distil phonic Acids. 
i. C 1 oH,N=N-C lu n 4 j ) 1 f s03)2 [45]. 

a. Bordeaux B (Meister, Lucius, and Bruuing). 

From /3-naphthoIdisulphonic acid (insoluble in alcohol) and a- 
di azonaphthalene. Gives a blue coloration with strong sulphuric 
acid. 

b. Crystal Scarlet (Cassella & Co.). 

Obtained in a similar manner from o-diazonaphthalene and the 
G- or 7-disulphouie acid (soluble in alcohol). The sodium salt 
crystallizes very easily. 

/OH 

ii. HSO 3 .C 10 H 6 ~N=N~C lu I< . 

JfciwOg 

Croceix Scarlet 3 Bx, 

From /3-naphthol-a-monosuIphonic acid [48] and a-djazo- 
naphthalenesulphonic acid. Is a beautiful scarlet dyestuff which 
dissolves in sulphuric acid with a reddish-violet colour. 

Sulplioazonaphthalene-oi-naphtholsulphonic Acid. 

« /OH 

HSO 8 C 10 H 6 -N= s N-C w H s ; HSOa - 

(Azorubin.) 

This is prepared by combination of a-diazonaphthalencsulphonic 
acid with the a-n aphthol-a-s u 1 phoui c acid obtained from the former 
acid by decomposition with water. It is a fine bluish-red dyestuff. 
v9-naphthylamine and its sulphonic acids are also used in the 
manufacture of dyestuffs. Oxyazonaphthalene, obtained from &• 
diazonaphthalene and /S-naphthol, is known as " Carmianaphthe,” 
and is used in colouring varnishes. 

/3-naphthylaminesulphonic acid (Bronner’s acid), prepared by 
heating Schaeffer's /?-naphtholmonoaulphonic acid with ammonia. 
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gives wlien cliazotiscd and combined with /3-naphthol, a dyestuff 
used in silk-dyeing* With a-naphthol-a-sulphonic acid the dye 
known as Brilliant Scarlet is obtained. 

A dyestuff known as Silk-red, or Scarlet for Silk, is prepared 
by sulphonating /3-naphthylamine and diazotising the resulting 
sulphonicacid and combining with /3-naphthol. 


HI. AZO-DYES FROM DIAZOCARBONIC ACIDS. 

•> 

Diazo-compounds combine with phenols and amines to form azo- 
compounds. The tinctorial properties of these bodies are generally 
weak, becoming intensified, however, by converting’ the carbonic 
acids into their ethers. 


I)imethylamidobenzene-azo-benzoic Acid [ 50 ]. 
COOHC(jH 4 — N =N— C 6 H 4 N (CH 3 ) 2 . 

Is obtained from m-diazobenzoic acid and dimethylaniline. 


Phenolazo-meta-benzoic Add [ 49 ]. 
COOHC e H 4 — N=N-C 6 H 4 OH. 

From diazobenzoic acid and phenol. M.P. 220°. 

o-Sulphonic Acid . 

From o-phenolsulphonic acid and m-diazobenzoic acid. 

Resorcin-azo-benzoic Add [ 49 ]. 
a) 3 /OH 

cooh-c 8 h 4 -n=n-c 6 h 3 C oh - 


( 3 -Naphthol-azo-benzoic Acid [ 49 ]. 

<0 (3) 3 

COOHC 6 H 4 -N=N-C 10 H 6 OH. 

• M.P. 235°. Ethyl ether, M.P. ^04° (from diazobenzoic acid 
ether and /3-naphthol) . 
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Monosuljphonic Add [40], 

COOHC 6 H 4 - N = NC 1U II, go . 

From m-diazobenzoic acid and /3-naphtholmonosulphonic acid. 

Disulphonic and trisulphonic acids Lave also been prepared by- 
action of m-diazobenzoic acid and its sulpho-acids on /3-naphthol- 
disulplionic acid. Diazoanisie acid, as well as the paradiazoein- 
namic acid and its ethers [51], gives red azo-dyes [49] w*th 
naphtliol acid and its sulphonic acids. 


IV. AZO-DERIVATIVES FROM CARBONIC ACIDS AND 
DIAZO-COMPOUNDS. 

Qxy- and amidocarbonic acids combine with diazo-eompounds 
to form azo-dyes, some of which possess the property of dyeing on 
metallic mordants. 


Azolenzene-dimetkylamiidobenzoic Acid [ 50 , 89 ]. 

,N(CII 3 ) 8 


Call, . NssN-C.il/ 


Njogii 


From diazobenzene and dimcthyl-m-amidobenzoie acid. MVP. 
125°. 


Dimethylamidohenzoic Acid-azobenzoic Acid. 

(’OO 1 1 

COOHC # H 4 -N*N-C.H/ ' [49]. 

JN (Oil -Jo 

By action of m-diazobcuzoic acid on m-dimcthylamidobenzoic 
acid. 

Azo-S-diami doben zoic Add-p-benzenesul phonic Add [9], 

HS0 3 -C 6 H 4 -N*N~e # H/ (NH!!)3 * 

3x COOII 

Is prepared by action of p-diazobenzenesulpbonic acid on 8-di- 
amidobenzoic acid. 
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Azobenzenesalicylic Acid [ 52 ]. 

a) 

/OH (2) 

c.h,n=n-c«h,< cooh . 

From diazobenzene and salicylic acid. 

Monosulphonic Acid . 

From p-diazobenzenesulpkonic acid and salicylic acid [36]. 

* 

Azonaplitlicdene-saliajlic Acid [ 53 ]. 

c 1 ,h,n=n-c.h,(™ h . 

From a-diazonaphthalene and salicylic acid. Dyestuffs have 
also been prepared from salicylsulphonic acid and diazo-compounds 
[54]. Meta- and para- oxyben zoic acids [36], as well as oxy- 
naphthoic acids [55], give colouring-matters withdiazo-compounds. 

The dyes prepared from salicylic acid mostly possess the 
property of dyeing on alumina, iron, and chromium mordants, in 
a similar manner to alizarin. 

This property, which is not met with in the meta- and para- 
oxy-derivatives, seems to be connected with the ortho position, as 
in the quinoneoxime dyes. 

These mordant-dyeing properties are found in a much higher 
degree in the bodies obtained by action of nitrodiazo-compounds 
on salicylic acid (Germ. Pat. 44170, 16 Nov., 1887). The dye- 
stuff from metanitrodiazobenzene and salicylic acid comes into 
.commerce as Alizarin Yellow G, and produces a fine yellow lake 
with Chromium oxide. The pure dyestuff crystallizes from alcohol 
in light yellow needles. M.P. about 230°. Its constitution may 
be expressed by the formula : — 

/COOH 

c 6 h*no 2 -n=n-c 6 h 3 ( oh . 

It has been used to a certain extent in calico-printing as a 
substitute for Persian-berry extract and fustic extract. An 
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isomeric compound from pai\anitrodiazobenzcnc is known as 
Alizarin Yellow R and gives more orange shades in dyeing. 

These compounds are also useful in wool-dyeing. The dyeing 
process is simple, as owing to the stability of these compounds the 
mordanting with bichromate and the dyeing may he effected in one 
bath, a-oxvnaplithoic acid combines with nitrodiazo-compounds, 
producing brown dyestuffs which possess the property, like the 
above, of dyeing on mordants. 


V. TETRAZO- OR DISAZO-DYESTUFFS. 

These bodies differ from the simple azo-compounds by con- 
taining the azo-group — ]S T =N — more than once in the molecule. 

According to their method of formation and constitution, these 
compounds may be divided into different classes. The first of 
these classes, the type of which is phcnolhidiazobenzene discovered 
by Griess, contain the two azo-groups and the auxoehrome amide* 
or hydroxyl groups in one benzene nucleus. These compounds 
are obtained by the action of diazo-compounds on oxy* or amide* 
azo-compounds. 

A second class contains only the azo-groups in one ring, while 
the auxoehrome is in another. They may be prepared by acting 
upon amines or phenols with diazoazo-eom pounds (from atnido- 
azo-bodies), or by diazotisation of diamines and subsequent com- 
bination with amines or phenols [43,40]. 

A third class of tetrazo*dyestufls includes those prepared from 
benzidine and its analogues. These contain two azo-groups in two 
different rings, which are linked to each other. Tertiary and 
quaternary azo-compounds, i, c\ 3 those containing three and four 
azo-groups, have also been obtained, 

Phemldmzobenzene (Phenolhidiazobenzem) [28, 56], 

C«i I*N * N - C«H*OH -N» N 

Is prepared by treating diazobenzene nitrate with carbonate of 
barium, or by the action of the former on oxyazobenzene. 

It forms brown leaflets, M.P. 131°. A homologue, M.P. 110°, 
may be obtained from paradia^otoluene and oxyazobeuzene [66], 
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Resorcindisazobenzene [46], 

C 6 H 5 — N 2 — C 6 H 2 (OH), -N, - C 6 H 5 . 

Two isomeric compounds are formed by the action of diazoben- 
zene chloride on metadioxyazobenzene. 

a. Soluble in alkalies, M.P. 215°. 

/3. Insoluble in alkalies, M.P. 222°. 

p-diazotoluene reacts with m-dioxyazobenzene, three isomeric 

resarcindisazotoluenebenzenes being formed [46]. 

q i r i ,, r fa. M.P. 196°. 

Soluble m alkalies 

Insoluble in alkalies j3. M.P. 198°. 

Various disazo-compounds of this class may be obtained from 
azotolueneresorcin (from p-diazotoluene and resorcin) by action 
of diazobenzene and diazotoluene [46]. 

Amido-derivatives are produced by action of diazo-compounds 
on unsymmetrical diamidoazobenzene (chrysoxdine) and its homo- 
logues. 

For example, chrysoidine and diazobenzene chloride react to 
form azobenzenephenylenediaminebenzene [57] . M.P. 250°. 

C 6 H 5 — N=N— C 6 H 3 (OH 3 ) 3 — N=N— C 6 H 5 . 

Homologues and carbonic acids of these bodies have also been 
prepared [57, 58]. 

Azo-dyes from Amidoazo-compotjnds. 

Amidoazo-compounds, of which the simplest representative is 
amidoazobenzene, are converted into the corresponding diazoazo- 
compounds, which latter, like simple diazo-compounds, react with 
amines and phenols, azo-dyes being formed. Amidoazosulphonic 
acids behave in the same way. 

Benzenetetrazobenzenejplienol ( Tetrazobenzenephenol ) [59]. 

] 4 1 < 4 ) 

C 6 H 5 N = N ~ C c H 4 — N = N — C 6 H 4 0 H. 

Is formed by interaction of diazoazobenzene and phenol. It may 
be regarded as the simplest representative of this class. 
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Ben^medisazolenzene^napJdhol [CO]. 

C c II fi - N = N - C, ri 4 ~ N = N - C 10 II«oil . 

( Tetrazobenzewe-ft-waphth oL) 

From diazoazobenzene and /3-naphthoL Forms a brick-red 
powder or brown leaflets with a green reflex. It is insoluble in 
alkalies, sparingly soluble in alcohol, easily in hot glacial acetic 
acid. It gives a green solution with concentrated sulphuric acid. 

The sulphonic acids of this compound come into commerce as 
Biebrich and Crocehi scarlets, according to the position of ^he 
sulpho-group. 

Monosulphomc Acid [ 00 ]. 

O) M) <0 ( i) 0 

hso 3 c«h 4 n = n ~ c«ii;n *n - c 1w ii«oh . 

From diazoazobcnzcncmonosul phonic acid and /8-naphfchol. The 
sodium salt forms red needles or an amorphous red powder which 
is sparingly soluble in cold water, more easily in hot water. The 
hot aqueous solution on cooling solidifies to a gelatinous mass. 
The calcium and barium salts are insoluble. 

Dimlphonic Acids . 

A. H S0 3 CJI 4 N =s N — C,jH 3 I I S O n N sa N — ( 1 m l I (i O 1 1 [60]. 

(Biebrich Scarlet*) 

From diazoassobcnsscncdisulphonic adds and /3-naphthoL 

The sodium salt is easily soluble, and forms a thick syrup with a 
small quantity of water, becoming crystalline on long standing. 
It may be crystallized from dilute alcohol in red needles* The 
calcium and barium salts are insoluble. 

Commercial Biebrich scarlet is generally tin's disulphonic add, 
sometimes it contains the raonosuiphoine acid also. Botlfgiva \ 
green solution with concentrated sulphuric add. The*shade 
obtained on wool and silk is a beautiful cochineal scarlet, 

B. HSOjj — CuH* — N =* N — C«H*N = N-~C lu H 6 OH . HSO g , 

The isomeric monosulphonic acids of /3-naphthoi react with di- 

azobeazenesulphonic acid, producing dyes which, however, differ 
greatly according to the position of the sulpho-group. Schaeffer's 
£-acid gives dyes of a bluish shade and of little value, while the«- 
acid gives dyestuffs the shade of which is much superior to that of 
Biebrich scarlet. , 
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This body [61] is known as Crocein Scarlet 3B, and although 
not producing fast shades is used in cotton-dyeing. Crocein 
Scarlet 7 B is a dyestuff of somewhat bluer shade, and is obtained 
from orthoamidoazotoluenesulphonic acid in the same manner. 
The tetrazo-dyes prepared from /3-naphthol-a-sulphonic acid give 
soluble crystalline calcium salts, while those from the other acid 
give amorphous and insoluble calcium salts. 

The G-disulphonic acid behaves similarly to the a-acid, and its 
.combination with diazoazobenzene, known as Brilliant Crocein M 
(Cdksella & Co.), is closely allied to Crocein 3 B. All the naph- 
thol azo-dyes derived from amidoazobenzene and its homologues 
give a characteristic reaction on reduction, which readily serves for 
their recognition. On warming the alkaline solution with zinc 
powder, only the naphthol or its sulphonic acid is split off ; the 
amidoazo-compound being regenerated. 

Another characteristic property of the compounds of this class is 
that they exhibit a peculiar behaviour towards strong sulphuric acid. 

The sulphonic acids containing the sulpho-groups in the ben- 
zene rings only react like the non-sulphonated azo-compounds, 
giving a green colour with concentrated sulphuric acid; if the 
sulpho-groups are in the naphthalene ring, a violet colour is 
obtained ; while, if both rings are sulphonated, the colour is pure 
blue. On warming the green solution of benzene-disazobenzene- 
/3-naphthol in sulphuric acid, the colour gradually changes to 
blue, and the sulphonic acid formed is identical with the one from 
diazoazobenzenemonosulphonic acid and /3-naphthol“/3-monosul- 
phonic acid. 

a-naphthylamine reacts with diazoazobenzenedisulphonic acid 
to produce a brown dyestuff, which is known as Archil Brown, 
possessing, however, no great importance. 

The ^combination of diazoazobenzenedisulphonic acid with 
pafatoljl-/3-naphthvlamine is known as Wool- Black. 


Azodibenzenephenylenediamine [ 57 ]. 

C e H 5 N = N - C 6 H 4 ~ N = NC e H s (NH s ) a . 

Is formed by action of diazoazobenzene chloride on metapheny.- 
lenediamine. It forms brownish- red needles, which melt at 185°, 
and are easily soluble in chloroform, benzene, ether, and alcohol. 
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Azodibenzenetoluylcnediamine [ 57 ]. 

C„HjN = N - C e H,N = N - C 7 I J a (NIL),. 

From diazoazohenzenc chloride and mctatoluylcncdiaminc. 
Forms light brown needles. Sulphonic acids of this compound 
are formed by using diazoazohenzenesulphonic acids. 


Azobenzeneazo paracresol [ 42 ] . 

C g H-,N = N- C (1 II,N = 27 C 6 

Is formed by action of dmoazobenzeno chloride on paracresol. 
It forms brown needles, M.P. 160°, and dissolves in sulphuric acid 
with violet colour. 

The diazoazonaphthalcncs combine with sul pi ionic acids of the 
uaphthols to form dyestuff’s, some of winch are used on a large 
scale. 

Dmoazonaphthalcriesulphome acid, obtained by combination 
of /2~imphthylaminesul phonic acid and a-naphthylumine, reacts 
with nuphtholsulphonic acids, producing deep blue dyestuffs. One 
of these comes into commerce as Blue-black or Azo-hluck, and dyes 
wool a shade similar to that with nigrosine [(58], 

Other dyestuffs derived from amidoasso-compouiuls are com- 
prised in the following tabic : — 


; Ihjesiuff. 

IHazotiml Jimp. 

( 'tmbiiwd with 

JotrBlttCk U . . , 

Ben zo iwd imil pin m ic at* i d 
asio-a-naplithylamim*. 

Phenyhfl-nfiphthy lamina. 

Fast Violet iiluish . . ; 

^-toluanmilphomc acid 
nsfio-a-imp] ithylatmm*. 

$-naphthol-/:FmiIp%(mic 
acid. * "* 

Diamond Black .... 

Salicylic acid' aao-a- 
naphthylamha*. 

«-naj)hthol-a-sulpl!bnic 

acid. 

Naghthylamino Black 

Naplti .hftlem*di»ulphotuc 
acid azo-a-naph thy la- 
nd no. 

a-naphthylamine. 

Brilliant Black. . . . . . 

AmidoajsonaphtJmlcao- 

jS-naptholdisulphonic acid 

* 

dittulphouic acid. 


Meldola introduced a general method for preparing disazo- 
compounds [62], Nitrocliazo-compounds are combined with 
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phenols or amines ; the nitro-group is then reduced; and the 
resulting amido-compound may be diazotised and again combined 
with an amine or a phenol. As an example of the method of 
procedure the following is cited. 

Paranitrodiazobenzene combines with diphenylamine to pro- 
duce : 

no 2 -c 6 h 4 -n= n- c 6 h 4 nh - c 6 h 5 . 

This body on reduction yields : 

NH 2 - C 6 H 4 - N = N - C 6 H 4 NH - C 6 H 5 . 


This may be diazotised; and on combination with* /3-naphthol 
yields : 

yS-OH — *C 1(J H c — N=N— C 6 H 4 N=NC 6 H 4 NH—C 6 H 5 . 


The dyestuffs obtained in this manner belong to the same series 
as those prepared with the diazo-compounds of paraphenylene- 
diamine. 

The hitroazo-compounds obtained by combination of nitrodiazo- 
compounds with primary amines may be diazotised and combined 
with phenols ; resulting nitrodisazo-compounds on reduction 
yield amido-compounds, which; when again diazotised and com- 
bined with a phenol; yield tertiary azo-compounds; containing 
three azo-groups. 

Paranitrodiazobenzene combines with a-naphthylamine; form- 
ing: 

N0 2 - C G H 4 N = N - C 10 Ii 6 NH 2 a. 

This body; on diazotising and combining with /3-naphthol; yields: 

NO 2 -C 6 H 4 ~-N=N^C 10 H 6 -~N=N-C 10 H 6 OH / S. 

% 

On reduction of the nitro-group; and treating with nitrous acid, 
a diazo-compound is obtained; which with /3-naphthol yields a 
tertiary azo-compound : — 

HOC 10 H 6 — N = 1ST — 0 g H 4 N =N — C l0 H 6 — N = NC 30 H 6 OH/3. 

Numerous azo-compounds were prepared in an analogous 
manner; and for these reference mugt be made to the original 
article [62]. 

e 2 
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Azo-dyes from Benzidine and Analogous Bases. 

The tetrazo-compounds obtained from benzidine and similar 
bases combine with phenols and amines to produce yellow, red, 
blue, and violet dyestuffs. These have attained considerable 
importance on account of their remarkable property of dyeing (in 
form of alkali salts) on unmordanted vegetable fibres. 

The credit of this discovery belongs to P. Griess, who first 
remarked on it in his English patent (188-1*, No. 1099). 

Tetrazodi phenyl combines with naphthionic acid, producing a 
dyestuff: — 


which has considerable application under the name "Congo 
Red ”[61]. 

The free sul phonic acid is blue, the salts are scarlet, and give the 
same shade on cotton. These shades, though fast to soap, are 
unfortunately turned blue by weak acids. Tins property is less 
marked in the dyestuir known as Benzopurpurine B. It is 
obtained [09] from tetmzoditolyl (obtained from o-tolidine and 
nitrous acid) and the yS-naphthylarninesulphonie acid, obtained 
by Brdnncr from Schaeffer's /S-naphthoIsulphonic acid and 
ammonia. 

It will be of interest, before entering into the consideration of 
these dyestuffs, to examine the constitution of the naphthylaminc- 
huI phonic acids. ^ 1,1 * 

The sulphonic acids of a- and /3-nftphthylaminc are used for 
production of azo-dyes in general, their principal application l*eing 
in the manufacture of the direct-dyeing cotton-colours. 

They are produced technically by two methods, either by direct 
sulphonation of the naphthylamines or by heating the naphthol- 
sulphonic acids with ammonia a compound yielding ammonia 
on heating). 
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As the naphthylaminesulphomc acids are very numerous, only 
those of technical value will be considered here. 

Only one of the sulphonic acids of: a-naphthylamine, the so- 
called naphthionic acid , is of importance. 


I. Sulphonic Acids of u-naphthylamine . 

Naphthionic acid, C 10 H 6 ^^|^, 


NEL 



soja 


This acid is prepared by heating one part of <x-naphthylamine 
with three to five parts of concentrated sulphuric acid at 100°, or 
by heating a-naphthylamine sulphate to 180°*~200°. 

II. Sulphonic Acids of fi-naphthylcmine. 

By the action of concentrated sulphuric acid on /3-naphthyl- 
amine two monosulphonic acids are first formed, /3-naphthylamine- 
a-sulphonic acid (corresponding to the crocei’n acid from /3-naph- 
thol), and the /3-naphthylamine-7-sulphonic acid. 

At a higher temperature two other acids are formed, the 
/3-naphthylamine-/3-sulphonic acid (Bronner’s aci(| corresponding 
to the Schaeffer acid from /3-naphthol), and /3-naphthlyamine- 
F-sulphonic acid, corresponding to the F-acid from /3-naphthol. 
The /3~ and F-acids are not products of direct sulphonation, but 
result from a molecular change in the <z- and 7-acids, as both 
these acids, when heated with sulphuric acid, go over into a 
mixture of .Bronner and F-acid. This mixture was termed <$- acid, 
and its discoverers, Bayer and Duisberg [76], and somewhat later 
Weinberg [77], showed that it could be split up into two acids — the 
Bronner and the F-acids. These naphthylaminesulphomc acids 
may also be produced by heating the corresponding naphthol- 
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suI phonic acids with ammonia (i. a compound yielding ammonia 
on heating). In this manner the erocein acid yields /?-napthyl- 
amine-a-sulphonic acid, Schaeffer's acid yields /3-naphthylaminc- 
/3-sul phonic acid, and the F-acid of Cassella yields the corre- 
sponding /3-naphthylaraine F-acid. 

As yet the /3~naphtholsul phonic acid corresponding to /3-naph- 
thylamine- 7 -sulphonic acid has not been isolated from the acids 
formed in sulphonating /3-naphthoL The constitutions of the 
acids, according to the most recent researches, may be graphically 
demonstrated by the following formulas : — 


SO,. II. 



sa.fi 

■y-rudd. F-ueM. 


Of these sul phonic acids the /3- and F-aeids produce fine red 
dyestuffs with tctrazo-compoimcls, while the a- and 7 -acids give 
worthless yellow ones. 

As 1ms already been stated, the /3-acid is used in the manufac- 
ture of Benzojmrpurine B, and the F-acid serves, in combination 
with o-tcfcrazoditolyl, for production of a sparingly soluble, *blufehr 
red dyestuff, known as Diamine- red 3 B* 

If a mixture of both acids the so-called S-acid) is used, a 
fine mixed dyestuff is produced, which contains one molecule of 
each acid linked to the benzene chains of the ditolyh This body 
forms the principal constituent of the dyestuff* known as Delta- 
Furpurme 5 B# Mixed dyestuffs of this class are easily obtained, 
on account of a peculiar property of the tetrazo-compounds. The 



TETRAZO-COMPOUNDS. 


71 


diazo-groups do not react simultaneously with the amine or 
phenol. The second diazo-group combines with some difficulty, 
and indeed the action is frequently aided by warming. Some of 
these dyestuffs are, commercial products. 

/3-naphtholdisulphonic acid (R-acid) and a-naphthol-a-sulphonie 
acid both combine with tetrazodiphenyl and tetrazoditolyl, forming 
blue dyestuffs, which dye directly on unmordanted cotton. 

The dyestuff from tetrazoditolyl and a-naphthol-a-sulphonic 
acid is known as Azo-blue, and produces reddish-blue shades on 
c^ton, which are, however, fugitive to light [63] . 

A more stable dyestuff, which possesses at the same time a 
purer shade, is obtained from dimethoxylbenzidine, 

CH 3 00 6 H 3 NBU 

I 

CH 3 OC 0 H 3 NH 2 

and a-naphthol-a-sulphonic acid. It comes into commerce as 
Benzazurine [70]. 

The combination of tetrazodiphenyl and salicylic acid is known 
as Chrysamine [66]. It produces on cotton a somewhat sad 
yellow, and serves principally for production of the cream shades 
used as groundwork in calico-printing. 

Tetrazostilbene (obtained by reduction of azoxystilbene and 
diazotisation of the resulting diamidostilbenej and its sulphonic 
acids yield numerous dyestuffs, some of which are capable of 
industrial application. Hessian Yellow, for example, is obtained 
by combining tetrazostilbenedisulphonic acid with salicylic acid. 

The dyestuffs of this class have the property of acting to a 
certain extent as mordants for basic dyestuffs, and cotton dyed 
with them acts with basic dyestuffs as if prepared with tannic 
acid. Frequent application of this property is made in practice. 
. For instance, methylene blue, green, &c., may be dyed on a blue 
azo-dyestuff, and in this manner the shades may be modified at 
will. 

The following Table comprises the principal direct dyes at 
present in the market : — 
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Dyestuff. 


Diazotised JJase. 


Combined with 


Chrysamiiic G 

Renzo-Orange G It . . 

Congo Yellow Paste 
Congo Red 


Benzidine. 


Congo Corinth , 


j Brilliant Congo G , . 
I * 

! Deltupurpurine G , . . . 


Azu-oraeilline . 
Benzidine Blue. 


; Bordeaux Extra .... j 
j Congo Violet f 


Diamine Black II 


Diamine Past Bed 
Diamine Violet N . . 


Chrysamino It 

Congo Bed 4 It . . . 

Congo Corinth B . , , 


Brilliant Congo R . 

Benssopurpurine B . 

Benzopurpuriim 4 B. 
Benssopurpurine 6 B, 


Delta-Purpmine 5 B , 


Orihotolidim*. 


2 mob. salic) lie acid, 

1 mul. salicylic, acid. 

1 mol, naphthionie acid. 

1 mol. stilphaniiio acid. 

1 mol. phenol. 

2 mob, imphtliiomc acid. 

1 mol. naphthionie acid. 

1 mol. «-naphthobu] phonic 
acid N.W. 

1 mol. ^-naphthylamiiRT- 
dbulphonie acid U. 

1 mol* /4-imphtliylamino* 
monosulphonie acid B 

2 mob, pbnupl] thy land :ie- 
d-mnnosulpiioiiic acid. 

2 mob, «-impht hoi mono- 
MilphoiHt 4 acid N.W. 

2 mois. R-nnphtholdistd- 
phunie acid B, 

2 mob, /-bmiphtholmot.o- 
snlphonic acid B. 

2 mob, amidoiiaphthubul- 
phonie acid prepared 
from /4-naphthyhmuno-y- 
diMilplmikic acid hy melt- 
ing with alkali. 

1 mol. y-aiuidonuphihol- , 
sulnhonic acid, 

1 mol. salicylic acid, 

2 mob, y-nmidonaphthol- 
sulphonic mud, 

2 niols. salicylic acid. 

1 mol, naphthionie add. 

1 mol, resorcin, 

1 mol. naphthionie acid, 

I mol, o-nnphthobulphomc 
add N.W, 

l mol. ^-naphthybfmne- 
Mtlphnmc add it 

1 mol. #-naphthybmintv 
dbttlphonie add R^ 

2 mob. /9-naphthvlamine- 
mouosulphomo acid Ji 

2 mob, naphthionie add, 

2 mob. rmphthykmiim- 
xnonoaulphouic * add 
(Lmmmt). 

1 mol. /5-naphthylamine- 
d-monosulpnoiiie add. 

1 moL /3-naphthylamine- 
xnonosulphonic add R* 
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Table ( continued ). 


Dyestuff. 

Diazotised Base . 

Delta-Pur purine 7B. . 
Diamine Eed 3 B. . . . 

| Orthotolidine. j 

Bosazurine B < 

B*)saz urine G- 

” 1 

Azo-Blue 

99 

Toluylqne Orange G . . 

■ j 

Toluylene Orange B . . 

99 

Brilliant Purpurine . . 

• | 

Direct Bed 

Diamidophenyltolyl. 

Cotton Bed 

Orthometatolidine. 

Sulphonazurine 

Benzidinesulphone di- 
sulphonic acid. 

Bosazurine BB .... 

Benzidinesulphone. 

( 

Diamine Bed NO. , . . 

Ethoxybenzidine. -j 

Diamine Yellow N . . 

■ 1 

Diamine Blue B 

■ • j 

Diamine Blue 3 B . . 

99 

. Diamine Black B . . . . 

*% 


Diamine Blue-Black E 

■ i 

Benzopurpurine 10 B 

Dianisidine. 

Bosazurine . 

99 

Beazoazurine G .... 

99 




Combined with 


2 mols. /3-napkthy] amine- 
d-monosulpkonic acid. 

2 mols. methyl-/3-naphthyl- 
amine-d-monosulphonio 
acid. 

1 mol. methyl-/3-napktkyl- 
amine-d-monosulphonic 
acid. 

1 mol. /3-naphthylamine-d- 
monosulphonic, acid. 

2 mols. a-n apjitholsulphonic 
acid N.W. 

1 mol. cresotic acid. 

1 mol. metatoluylenedia- 
minesulpkonic acid. 

2 mols. metatoluylenedia- 
minesulphonic acid. 

1 mol. /3-naphthylamine- 
disulplionic acid B. 

1 mol. naphthionic acid. 

2 mols. naphthionic acid. 

2 mols. naphthionic acid. 

2 mols. phenyl-/3-naphthyl- 
amine. 

2 mols. naphthionic acid. 

1 mol. /3-naphthylamine- 
sulphonic acid B. 

1 mol. /3-naphthylamine- 
sulphonic acid F. 

1 mol. salicylic ) The pro- 
acid. > duct is then 

1 mol phenol. ] ethylated. 

1 mol. /3-naphthol~S-disul- 
phonic acid. 

1 mol. a-naphthol-a-sul- 

phonic acid. 

2 '• mols. a-naphthol-a-sul- 
phonic acid. 

2 mols. y-amidonaphthol- 
monosulphonic acid. 

1 mol. 0-naphthol-fi-disul- 
phonic acid. 

1 mol. y~amidonaphthol- 
sulphonic acid. 

2 mols. naphthionic acid. 

2 mols. (3-n aph thy lamin e- 
sulphonic acid B. 

2 mols. a-naphtholsul- 
phonic acid N.W. 
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T a r l e {continued ) . 


Dyestuff. 

Benzoazurino d G . . , 
Brilliant Azurine o G 

Azo-Violet 1 

Heliotrope , , 

i 

Ilestiiau Yellow . , . , ! 

Brilliant Yellow , . , J 

(lirpoplieniim ! 

Hessian Purple N. . . J 

I 

Hessian \ iolefc I 

Oarhazol Yellow : 

Kaphthylimo lted . 


Diazo fixed Base. 


Dianisidine. 


Combined trif/t 


Salmon Red 

Cotton Yellow , . * . 
Saint Denis Red , , . , j 

Benzo- Brown B , 
Benzo-Blue- Black G 


Benzo- 1 Rue-Black U 
Benzo-Black, 


Diamidost 11 boned wul~ 
phonic acid. 

Diainidostillamedisul- 
phonic acid. 

Kthylntion of 

Dhinndostilhem*<lLsui- 
plnmic acid. 

Diamidostilbenedisul- ( 
phonic acid. | 

Idamidocai’hrtzoh 

l*o naphthylenedia- 
mino. 

Diamido-diphenylcne. 

Diamido-uzoxv toluene. 

Tmmido-azobenzeiie. 

Ben/adinediMi) phonic 
ucdd diau/.o-a-naph- 
thylamine, 

Tolidine disuzo-a-nnph- 
thy laminin 

Ben z i d i ne disa/.c e*sa 1 i- 
cy lie acid a-imphthy- 
laminin 


2 mols. a-napht liy lamina- 
sulphonic acid {( -le\ e). 

2 mols. dioxynuphfltuiene- 
monosuljdionic acid from 
< Stdiollkopfs acid, 

| 1 mol. naphthionie acid. 

; 1 mol. c-naphthoKul phonic 
1 acid N.W, 

: 2 moK methyl-^-naphUiyl- 
amine-S-Httlphonic acid. 

2 mols. salicylic acid. 

2 mols. phenol. 

Brilliant Yellow. 

2 mols, /i-uaphthylnmino. 

1 mol. a-naphthylumine. 

1 mol. /3-naphtimi. 

2 mols. salicylic acid. 

j 2 mols. naphthionie add. 

i 

; 2 mols, naphthionie add. 

2 nails, salicylic add, 

1 2 mols, nnphtholsulphome 
jtdd X.W. 

Naphthionie acid. 

2 moK e-naphtholsiil- 
pimnic add N.VV. 

• 2 mols. a-nnphtholsuD 
j phonic acid N.W. 

! 2 mt*ls. a-niuditholsul* 
j phonic acid NAY. 


• The property possessed by the above dyestuffs of becoming 
fixed on cotton from an alkaline bath (in form of their SSlts) is 
not, as has been supposed, peculiar to the derivatives of benzidine 
and its analogues. This characteristic is far more widely distri- 
buted, and has only been overlooked. Nearly all tetrazo-eom- 
pounds may be fixed to a slight extent on cotton, and the dyestuffs 
obtained from paraphcnylenediamine are almost as capable in 
this respect as the benzidine derivatives. 
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Azarin S [ 67 ]. 

The sodium bisulphite compound o£ an azo-dyestuff, prepared 
by combining dichlordiazophenol with /3-naphthol, comes into 
commerce under the above designation. 

This azo-dyestuff, which is insoluble, has a fine red colour, and 
possesses the property o£ forming a lake with alumina. By treat- 
ment with sodium bisulphite this body, like all azo-dyestuffs, 
yields an unstable sulphonic acid, which is only slightly coloured. 
If this compound is printed with aluminium acetate, and steamed, 
the sulphonic acid is decomposed, and the dyestuff combines with 
the alumina to a firmly adhering lake. * 

Azarin finds its principal application in calico-printing, and 
produces a fine red which, though fast to washing, is not suffi- 
ciently fast to light to compete with alizarin. 

Another azarin is obtained by combination o£ diazotised dia- 
midooxysulphobenzide ' (phenolsulphone) with /3-naphthol. It is 
also applied in form of its bisulphite compound. 


Sun-Yellow . 

Another dyestuff closely related to the azo-compounds is a 
derivative of the so-called azoxystilbene. Its sulphonic acids 
dye cotton directly from an acid bath. 

This yellow dyestuff is obtained by heating paranitrotoluene- 
orthosulphonic acid with alkalies. It yields diamidostilbenesul- 
phonic acid on reduction, but whether it is azoxystilbene or 
whether a ring-formation between the methane-group and the 
azo-chain has taken place is doubtful [78, 79]. 

The compound in question is known as Sun-Yellow. 


Thiotoluidines (Primuuot;) [ 80 , 81 ]; 

By action of sulphur on paratoluidine, Merz and Weith obtained 
a base called thiotoluidine (C 6 H,CH g NH s ) # 8, M.P. 103°. This 
reaction takes place at 140° ; and if a higher proportion of sulphur 
and a more elevated temperature be employed, two new thiobases 
are formed, one of which is known as dehydrothiotoluidine 
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and tlic other is the mother-substance of primuline. 
The salts of the sulphonieacid of the latter come into commerce as 
Primuline, Polyehromiue, &e. Primuline dyes unmordanted cotton 
directly from an alkaline bath, but its principal application is in 
connection with the so-called developers. This depends on the 
fact that primuline contains an amido-group capable of being dia- 
zotised on the fibre. This was introduced technically by Green as 
a method of producing insoluble azo-dyes direct on the fibre, the 
goods dyed with primuline being diazotised in a slightly acid bath 
with sodium nitrite, and then passed into the various yellow, red, 
&c. developers, which consist of certain amines and phenols in 
suitable solvents. 


Erica. 

Mctaxylidinc gives similar compounds if treated with sulphur. 
One of these, M.i\ 107°, possesses one amido-group capable of 
being diazotised, and certain of the azo-dyes prepared with it form 
the various brands of Erica. These dyestuffs have the remark- 
able property of dyeing cotton from a bath containing sulphate of 
soda, producing pleasing pink shades of considerable fastness. 

Erica B is the result of the combination of dehydrothioincta- 
xylidinc with a-naphthoi-c-disxdphonie acid. 


Thiqflamne * 

The Thioflavines, although not azo-dyes, are closely related to 
Primuline, and may therefore be described here. 

By action of methyl chloride on dcliydrothiotoluidinc from the 
primuline melt, two compounds are formed, one of which comes 
into commerce in the form of its hydrochloride as Thioflavine T* 
It is a basic dyestuff, producing fine greenish shades of fellow. „ 
The second product of the reaction, which is separated fnftn the 
previous one by means of its sparing solubility in dilute hydrochloric 
acid, yields on treatment with fuming sulphuric acid a Bulphcroic 
acid, a salt of which is sold under the name of Thioflavine S, It 
is a substantive dyestuff applied to cotton from an alkaline bath, 

Thioflavine T is a dimetbyldehydrothiotoluidine-methyl chloride 
of the formulae- 
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CH, Cl 

x 

CH 3 -C s H3< X-CoH,— NCCH 3 ) s HC1; 

x s ^ 

and Thioflavine S is a sodium salt of dimethyldehydrothiotolui- 
dinesulplionic acid, C 1G H 15 N 2 S 20 3 Na. 




Direct Production of Azo-dyes on the Fibre. 

Azo-dyes prepared by interaction of a diazo-compound and a 
phenol are insoluble in water, and therefore of no practical value. 
For this reason a sulpho-group is introduced (see p. 84), and this 
produces the solubility necessary for their application in ordinary 
dyeing processes. These sulphonated azo-dyes have a considerable 
affinity for wool and silk, but (with the exception of those of the 
tetrazo-series) are not easily fixed on cotton. Cotton may be 
-dyed with certain azo-dyes of the Croeexn series, but the shades 
produced are not fast to washing. 

The ease with which the combination of a diazo-compound and 
a phenol takes place, and the purity of the resulting product, 
doubtless led to the idea that insoluble azo-dyes might be pro- 
duced by direct precipitation on vegetable fibres. 

Messrs. Holliday were the first to 'make a practical application 
of the diazo-reaction in this direction, and in 1880 they patented 
processes whereby azo-dyes might be produced on vegetable fibres. 
Three alternative methods are prescribed : — 

I. The goods are impregnated with an alkaline solution of a 

* phenol, and the colour produced by passage through a solu- 

• tion of a diazo-compound. 

II. The above process is reversed, the di azo-solution being 

, applied first. 

" III. The goods are impregnated with a mixture of diazo-compound 
and phenol, and the colour developed by passage through 
alkali. 

Grassier, in the same year, brought out a process whereby the 
use of acid to develop the nitrous acid necessary for diazotisation 



78 


CHEMISTRY OP ORGANIC DYESTUFFS. 


is avoided, A mixture of an amine, sodium nitrite, ammonium 
chloride, and a phenol is thickened, and the goods impregnated or 
printed with the mixture, and the colour developed by drying and 
steaming. A shade closely approaching Turkey red is obtained by 
using a mixture of xylidme and yS-naphthol. 

A process which has been used for silk-dyeing is similar to that of 
Messrs. Holliday. A diazo-compound in solution is neutralised by 
chalk, and a phenol (/3-naphthol) obtained in a fine state of division 
by precipitation is added. On working the goods in this mixture, 
the colour is gradually developed and is fixed on the fibre, 

Messrs. Meistcr, Lucius, and Briming have recently modified 
the Holliday* process, and adopt a method somewhat resembling 
the last described. It was found that the presence of free mineral 
acid in the solution of the diazo-eompound is disadvantageous, and 
that brighter and more even shades are obtained if the free acid is 
neutralised by addition of chalk, or replaced by acetic acid, this 
being effected hv addition of sodium acetate. The goods are 
worked first in the phenol dissolved in water in presence of two 
molecules of caustic; soda, dried, passed into the; prepared solution 
of the diazo-com pound, and washed till the wash-waters are 
colourless. 

In general the theoretical proportions indicated by equation are 
adhered to in the preparation of the diazo-solutions * certain bases, 
however, are not easily soluble, and arc brought into commerce 
in pastes containing 25 per cent, of amine and the amount of 
nitrite necessary for diazotising. The diazo-solutkm is obtained 
by solution in the calculated amount of dilute hydrochloric acid. 
The red shades obtained by this process become duller on soaping, 
with the exception of those from the amidoazo-com pounds, The 
shades obtained from amidoazo-cozn pounds arc also faster to 
light than those from simple amines. The shades obtained wijh 
£-naphtho! are bright orange-yellow to red, those from a-nafththol" 
having a brown tone. A shade approximating to Turkey red is 
obtained from J8~n aphthol ami disizotiscd /i-naphthylamine. 

The above processes are purely mechanical, the goods being 
simply impregnated with the diazo-eom pound, or phenol. Another 
group of methods differs in an important respect— that the amine 
is first actually fixed, by dyeing, on the fibre. It has already been 
mentioned that primuline (an amine) may be fixed on cotton. 
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diazotised on the fibre, and new azo-colours produced by passage 
of the goods through developers, i. e. solutions of amines or 
phenols capable of combining with the diazo-compound of primu- 
linc. It is evident that this method must be more advantageous 
than those in which the diazo-compound is in mere mechanical 
incorporation with the fibre, shades produced by the latter process 
being more liable to rub. 

Of late a new class of direct-dyeing cotton-colours has been 
introduced. These contain one or more free amido-groups capable 
of diazotisation, and are therefore suitable for direct production of 
azo-dyes on the fibre. Amongst these dyestuffs are Diamine Blue- 
Black E, Diamine Black B and R (see Table). These dyestuffs 
are combinations of diazotised bases of the Benzidine series with 
one or two molecules of an amidonaphtliolsulphonic acid, and 
these amido-groups, in the naphthol compound remaining intact, 
may subsequently be diazotised. 

Cotton is dyed in a bath containing Glauber’s salt and a little 
soap or soda, and the shades produced vary from dark blue to 
bluish black, about 6 per cent, of dyestuff being necessary to pro- 
duce a maximum effect. The diazotising is effected by a bath of 
sodium nitrite acidified with hydrochloric acid. The developing- 
bath varies according to the shade required. Resorcin, /3-naphthol, 
and phenylenediamine produce blacks of various shades ; blues are 
obtained with naphthylamine ether ; and mixtures of these deve- 
lopers produce blacks of every conceivable shade. 

In all these processes depending on the use of diazo-compounds 
the principal point is to work as cold as possible. Diazo-com- 
pounds decompose with a slight elevation of temperature, and are 
unstable at ordinary temperatures, and therefore it is necessary to 
work as expeditiously as possible. In the Holliday and allied pro- 
cesses^where a diazo-compound is used in solution, ice is frequently 
# necessary for its preservation; where the diazo-compound is pro- 
duced on the fibre, this is not of such great moment. 
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CHAPTER III. 

OXI'QU IN ONES AND QUIXOXEONLYES. 

The quinoncs belong to the most powerful class of chromogens, and 
tliis is equally true of both the para- and orthoquinones. They 
yield actual dyestuffs by introduction of auxoehromic groups. The 
oxyquinones possess a specially marked dyestuff-character, as the 
quinone group belongs to the acid-forming chromophors, and the 
hydroxyl group introduced develops powerful acid properties. 

All the oxyquinones are coloured and form salts of still darker 
colour. Most of them may be fixed directly on animal fibres, but 
the shades obtained arc weak and without value. 

The true character of a number of these bodies only appears in 
their combinations with metallic oxides ; in other words, the oxy- 
quinoues belong to the class of “ mordant-dyeing ” colouring- 
matters. They arc especially distinguished by the beauty and 
fastness of their metallic lakes. 

An interesting property in connection with these bodies is 
that only such oxyquinones as have one hydroxyl group in the 
ortho-position to the qumone-oxygon possess this power of dyeing 
on mordants, and that in general it is necessary to have simul- 
taneously two hydroxyl-groups in the ortho-position to each other 
[ 32 , 33 ]. 

The rest of the oxyquinones form coloured metallic salts which 
are often insoluble, but which do not possess the essential pro- 
perty of adhering to fibre. 

The oxyquinones of the benzene series contain at least one 
hydroxyl group besides the quinone-oxygen, and so far as they 
have been examined are capable of dyeing on mordants in a greater 
or less degree. Tetroxyquinones, rhodizonic acid (dioxydiquinoyl) 
and nitranilic acid (dinitrodioxyquiuone) have great power in this 



OXYQUINONES AND QUINONE OXIMES. 


81 


direction,, while it is present to only a slight extent in dioxyquinone 
and chlor- and bromanilic acids. 

The tinctorial power of these bodies is, however, slight, and a 
dyestuff of sufficient intensity and stability is only reached in the 
naphthalene series. This is naphthazarin, a dioxyquinone of un- 
known constitution. 

The quinoneoximes closely resemble the oxyquinones in their 
properties. Only compounds derived from orthoquinones are 
capable of fixation on mordants. Mono- or dioximes are formed 
byosubstitution of one or both quinone-oxygen atoms in an ortho- 
quinone by the isonitroso-group NOH. 

Both may be dyed on metallic mordants, especially on iron or 
cobalt oxide. The mono-oximes, however, are more useful in this 
respect, and have for some time been applied technically. 

Naphthazarin ( Dioxy naphthoquinone). 

C 10 H 4 O 2 (OH) 3 . 

This compound was discovered by Roussin in the year 1861, 
and for some time was thought to be alizarin. It is obtained by 
heating a-dinitronaphthalene with concentrated sulphuric acid, 
fragments of zinc being added to the hot solution. It sublimes in 
brown needles, jvith a cantharides lustre. It is sparingly soluble 
in wate!r, easily in alcohol and glacial acetic acid, with a red colour. 
It forms a blue solution with alkalies and a red one with strong 
sulphuric acid. It combines with sodium bisulphite, and the com- 
pound formed dissolves readily in water. Naphthazarin dyes 
excellently on mordanted fibres, giving a violet on alumina and 
a grey on chromic oxide. 

Naphthazarin has recently been introduced into commerce as 
Alizarin Black. The commercial product is the bisulphite com- 
pound, and finds its principal application in printing. For this 
purpose* it is mixed with chromium acetate. On steaming the 
bisulphite compound is decomposed, and the naphthazarin com- 
bines with the chromic oxide to form a firmly adhering lake. 

Antheaquinone Dyestuffs. 

Anthraquinone itself has only a slight yellow colour, while all 
its hydroxyl derivatives have a more *or less marked colour, gene- 
rally orange-yellow to red. The solutions of the alkali-salts are 
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generally red or violet. Certain of these bodies possess affinity for 
animal fibres, and may be fixed like acid colours, but the shades 
produced have no practical value. 

The utility of these dyestuffs depends solely on their capability 
o£ forming insoluble lakes -with metallic oxides. These lakes may 
be firmly fixed on textile fibres, their colour varying according to 
the nature of the metal. Indeed the metallic compounds of these 
bodies may be looked upon as so many different dyestuffs. 

Of the numerous hydroxyl derivatives of anthraquinone, only 
those which have two hydroxyl-groups in the 1, 2-position to the 
carbonyl-group of anthraquinone are capable of dyeing upon 
mordants. In other words, only alizarin and its derivatives possess 
this property. As the number of anthraquinone derivatives is very 
large, we must necessarily confine ourselves to those of technical 
value. 

Alizarin [2, o]. 

Call/V 

Alizarin is one of the few natural dyestuffs which have been 
prepared synthetically, and is probably the only one which is pre- 
pared artificially on the large scale. It occurs generally as a 
glueoside, ruberythrie acid C 30 II« h O 1 4 [1, 2] in redder, the root 
of Rubia Undo r him, and also in some other plants. 

Ruberythrie acid splits up by boiling with dilute acid, or by 
fermentation, glucose and alizarin being formed. 

Cs„H 38 0m + 21 1 2 0 = C M II A + 2CJI * A* 

Alizarin crystallises in reddish-brown needles, which are almost 
insoluble in water, sparingly soluble in alcohol, more easily in hot 
glacial acetic acid, carbon disulphide, and glycerine. It melts at 
289° to 290° C., and sublimes at a higher temperature in ^eautiful 
long rod needles. It dissolves in alkalies with a violet colour, "tod 
the sparingly soluble acid salts may be precipitated from these solu- 
tions by carbonic acid. On oxidation with nitric acid it gives 
phthalie acid, and by heating with zinc powder anthracene 'Is 
formed. With the oxides of aluminium, barium, calcium. Iron, and 
most of the heavy metals it gives characteristic coloured insoluble 
lakes. The red alumina lake, the maroon chromium lake, and the 
violet- black iron lake are of importance in dyeing. 

The hydroxyl-groups in alizarin are in the adjacent positions 
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to one carbonyl- group of anthraquinone, and its constitution may 
be expressed by the following formula [4] : — 


CO OH 



The hydroxyl-hydrogen atoms of alizarin may be replaced by 
alcohol and acid radicals. The alkyl derivatives are easily obtained 
by heating alizarin with the requisite alkyl iodide in presence of 
caustic alkali. Mono- and di-derivatives may be' obtained in this 
manner [5, 6]. 

Acetic anhydride gives a diacetyl derivative, M.P. 160° O. [7]. 
Chlorine acts on alizarin, forming a monochloralizarin ; with 
antimony pentachloride, dichlor- [8] and finally tetrachlor-alizarin 
may be obtained. Corresponding bromine derivatives have also 
been prepared [8, 9, 10], 

On heating with ammonia in sealed tubes two isomeric ali- 
zarin amides (oxyamido-anthraquinones, C u H a 0 2 (0H)NH 2 ) are 
obtained. The principal product of the reaction is the meta-com- 
pound with a small quantity of the ortho. 

Sulphonie acids of alizarin have also been prepared, and are 
met with in commerce under the name of Alizarin Red S. 

Alizarin may be prepared artificially by fusing dibromanthra- 
quinone, nitroanthraquinone, or anthraquinonesulphonie acid with 
potash or soda [3] ; also by condensation of phthalic acid with 
pyrocatechin [4], and by reduction of rufigallic acid [13]. Ali- 
zarin has only been prepared on an industrial scale from anthra- 
quinonev and the artificial product has practically displaced madder 
in the qpurse of the last twenty years. 

The synthesis of alizarin was first effected by Graebe and 
Liebermann in 1869. These chemists had already observed the 
formation of anthracene from natural alizarin by heating with 
zinc powder, and I’ecognizing alizarin as a derivative of anthra- 
cene, attempted to convert anthracene into alizarin. This aim 
was accomplished by fusion of bibromanthraquinone with potash. 
In the same year Graebe, Liebermann,, and Caro [14] discovered 
the formation of alizarin by melting anthraquinonesulphonie 
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acid with caustic potash. This process, which is in use at the 
present day, was discovered almost simultaneously by W. II. 
Perkin [15], 

Other processes have been proposed for the manufacture of 
alizarin, for instance by melting dichloranthraquinone or nitro- 
anthraquinonc [1G] with caustic potash, but these processes have 
never attained commercial importance. 

For a long time it was thought that the anthraquiuoncdisul- 
phonic acids gave rise to the formation of alizarin, but this 
assumption was based on an error. The monosulphonic acid alone 
is capable of giving alizarin, while the disnlphonie acids yield 
isopurpurin and ftavopurpurin. This was already known to some 
technologists in 1871, but was first published by Perkin in 187G 
[17]. ■ 

The formation of alizarin from authraquinonesulphonie acid 
docs not appear to be due to any uniform reaction. On the one 
hand, oxyanthraquinone is formed and becomes oxidised in the 
alkaline melt to alizarin ; on the other hand, oxyanthraqui- 
nonesulphonic acid is also a constituent of the melt, and yields 
alizarin by replacement of its sulpho-group by hydroxyl, Aliza- 
rinsulphonic acids are also often found in the alizarin melt* It 
is not improbable that these different mictions are due to the 
existence of several isomeric anthraquimmesulphonie acids. 

For the manufacture of alizarin on a large scale a very pure 
anthraquinone is required, and this is generally prepared by oxi- 
dation of anthracene with sodium bichromate and dilute sulphuric 
acid. The anthracene is generally a 50-per-cent, product which 
has oecn converted into a soft powder by subliming with super- 
heated steam. The oxidation takes place in lead-lined vessels in 
which the mixture is heated by direct steam. By employing a 
pure anthracene and a not too concentrated oxidation-mixture, the 
anthraquinone separates as soft grey powder, which is freed ffom 
acid by washing with water. The crude product is then dried, 
dissolved in concentrated sulphuric acid, and precipitated with 
water. A further purification is effected by sublimation with 
superheated steam. 

For production of monosulphonic acid a somewhat concentrated 
fuming sulphuric acid {containing 30 to 40 per cent, anhydride) 
k required, and the sulphohation should take place at as low a 
temperature as possible. 
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The monosulphonic acid is separated from the disulphonic acids 
simultaneously formed by fractional crystallisation of the sodium 
salts. By saturating the acid mixture with soda, the salt of the 
monosulphonic acid separates first. At present the sulphonation 
is carried out so as to produce as much monosulphonic acid as 
possible with only a little disulphonic acid. ' 

As has already been stated, the reaction in the melt proceeds in 
two directions, viz., a substitution of the sulpho-group by hydroxyl 
and a direct oxidation. 

In the older processes this oxidation was effected by air, and if 
the supply of this was insufficient, took place at the cost of some of 
the materials. To prevent this a large surface of* the melt was 
exposed to the air by melting in shallow pans. 

This process has been abandoned for about ten years, and the 
atmospheric oxygen is dispensed with by adding an oxidising agent 
(potassium chlorate), and operating in closed vessels under pres- 
sure. This improvement is of great advantage, as the temperature 
is easily regulated, even if the melt contains much water ; while in 
open vessels a certain concentration is necessary before the required 
temperature is reached. In place of the older melting process, 
the sulphonic acids are now heated with concentrated soda-lye 
under pressure. 

The operation takes place in a horizontal cylindrical iron vessel 
fitted with a stirrer. Into this are introduced one part of anthra- 
quinonemonosulphonate of soda, with about three parts of caustic 
soda and a certain amount of water and chlorate of potash. The 
mixture is then heated several days to 180°-200°. 

The melt is then dissolved in water and the sodium compound 
decomposed by adding hydrochloric acid. The precipitate of 
alizarin is then well washed, and brought into commerce as a 
10 to 90 per cent, paste. Its value may be ascertained by an esti- 
mation of the solid matter and ash, a dye-trial also being made. 

Blue and yellow shades of alizarin are known ; the former con- 
sists of pretty pure alizarin, while the latter contain both the 
trioxyanthraquinones isopurpurin and flavopurpurin. Alizarin 
may be fixed directly on wool, the shade produced being weak, and 
of the yellowish-red tone characteristic of free alizarin solutions. 
This shade has no value in. dyeing, and the application of alizarin 
is solely in form of its brightly' coloured aluminium, chromium, and 
iron lakes. 
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Most of tlie alizarin made is used in cotton-dyeing and printing, 
although a considerable amount is also used in wool-dyeing. 

Alizarin gives entirely different shades with different metals. 
In dyeing and printing the beautiful red alumina lake and the 
violet-black iron lake are almost exclusively used. Sometimes the 
chromium lake is also applied. 

In order to dye alizarin on cotton, the latter is impregnated 
with the necessary metallic oxide, and brought into a bath con- 
taining alizarin in a fine state of suspension, the bath being gra- 
dually heated to boiling; although alizarin is so slightly soluble 
in water, its solubility is sufficient to effect its combination with 
the metallic oxide on the fibre. For test-dyeing with alizarins 
printed calico is used. This calico contains stripes of alumina and 
iron and mixtures of these, printed in different degrees of strength, 
and on dyeing in an alizarin-bath various shades are obtained. 

In printing, a mixture of alizarin paste and aluminium or iron 
acetate is used. On steaming, the acetate is decomposed, and the 
formation of the colour-lake takes place. 

In alizarin-dyeing, a great number of purely empirical opera- 
tions are common, especially in turkey-red dyeing. Brilliant 
scarlet tones of turkey-red can only be obtained on alumina and 
oil mordants. The oil formerly used was a very rancid olive-oil, 
u Haile tournantc,” but this has been entirely replaced by the 
so-called turkey-red oil. This product is a ricinoleate of ammonia, 
obtained by treating castor-oil with strong sulphuric acid, and 
neutralizing the separated fatty acid with ammonia. It is probable 
that the alumina forms double compounds with the fatty acids and 
with the alizarin, these compounds; possessing a more brilliant 
colour than the simple alizarin lakes. The turkey-red process is 
very complicated, and comprises many operations which are not 
properly understood. For instance, treatment in a bath *>£ cow- 
dung and other similar processes. 

Wool is mordanted with alumina, for alizarin-dyeing, generally 
by boiling in a bath of alum tartar. Chromium mordants are 
also used in connection with alizarin for production of maroon 
shades. 

The shades obtained with alizarin are very stable. They resist 
the action of soap and bleaehing-powder, and are’ almost entirely , 
unaffected by light. 
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Nitroalizarin [18, 19]. 

C 14 H 7 (N0 2 )0 4 . 

(1) (2) (3) 

Only the /3-nitro-compound (of the constitution OH OH N0 2 ) 
possesses technical interest. It may be obtained by treating 
alizarin, suspended in toluene or nitrobenzene, with nitrous acid, 
or by cautious nitration of alizarin dissolved in glacial acetic acid 
with nitric acid. 

Pure /3-nitroalizarin forms orange-yellow needles, which melt 
at 244°, with partial decomposition [19]. It sublimes in yellow 
leaflets, undergoing partial decomposition. It dissolves in benzene 
and glacial acetic acid, and gives a purple-red solution with 
alkalies. The violet lime-lake is not decomposed by carbonic 
acid. (Distinction from alizarin.) It forms a diacetyl compound, 
M.P. 218° [19]. Nitroalizarin dyes orange shades on alumina 
mordants, and reddish- violet on iron mordants. 

* It comes into commerce in paste as Alizarin Orange, and is 
used in dyeing and printing, though its principal application is in 
the manufacture of Alizarin Blue. 

Trioxyanthraquinones. 

C 14 H 5 (0H) s 0 2 . 

A. Purpurin [position 1, 2, 4]. 

Purpurin occurs witty alizarin in the madder root [20], pro- 
bably also as glucoside. It may be obtained artificially from 
alizarin by heating with manganese dioxide and sulphuric acid 
[21], or arsenic acid; and also by melting an alizarinsulphonic 
acid (the so-called alizarin purpursulphonic acid) with potash 

[H]* 

. • Purpurin forms long orange-yellow needles which contain one, 
molecule of water. It dissolves pretty readily in alcohol, ether, 
and benzene, and is also much more easily soluble in water than 
alizarin. It loses its water of crystallisation at 100°, and sublimes 
at a comparatively low, temperature. M.P. 253°. 

The alkaline solutions of purpurin are reddish violet, and 
rapidly become, bleached on exposure to light and air. The 
presence of certain metallic oxides produces a characteristic effect 
on the absorption-spectrum of purpurin solutions, and these may 
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serve for tlie detection of alumina and magnesia [22, 23]. Pur- 
purin dissolves in boiling alum solution, forming a yellowish-red 
fluorescent solution, from which the purpurin separates on (tooling# 
As alizarin is almost insoluble in alum solution, this method is 
used for the separation of these bodies. Although the alkaline 
solutions of purpurin are easily bleached by light, the alumina 
lake Is perfectly stable against this agency. 

On alumina mordants purpurin produces a beautiful scarlet 
red, much yellower in tone than that from alizarin, but its appli- 
cation is limited, as its price is much higher than that of is6- 
purpurin. 


B. Isqpnrptirin (Anth rapurp nr hi) [24, 25, 20]. 

OH 
OIP 


on [5] cvji 


rm co 

'■ ll>j CO 




Isopurpurin is obtained by melting /3-anthraquiuonedisulphonic 
acid with caustic potash, an isomer of alizarin, isoanthraflavie 
acid, being formed as a bye-product [20] . 

In the first stage mono-oxyanthraquinonesulphonic acids, 


C,,II (i O 


OH 


are formed, and these are oxidised to alizarinsulplionie acids, a 
small portion being converted into anthrallavic acids. Those aliza- 
rinsulphonic acids yield the purpurius by exchange of a sulpho- 
for an hydroxyl group [42] . 

It forms orange needles, which are soluble in alcohol but in- 
soluble in benzene. Its M.P. is above 330° [25]. It yields no 
phthalie acid on oxidation, and therefore probably contains the 
third OH-group in the second benzene ring. Isopurpuria is the 
principal constituent of the commercial alizarin for red. J,t dyes 
a fine scarlet red on alumina ; its iron lake is greyish violet, jmd of 
little value. 


C. Flawpurpurin [26, 27]. 

OHWOA^gSKWfflSS- 

Flavopurpurin is obtained- from a-anthraquinonedisulphonic 
acid ; anthraflavic acid, an isomer of alizarin, is formed as a bye- 
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product. It forms golden-yellow needles, easily soluble in alcohol, 
'M.P. above 330° C. It dissolves with purple-red colour in caustic 
soda, and yellowish-red in ammonia and sodium carbonate. 

On alumina mordants it gives a red, which is still yellower than 
that with isopurpurin. Its principal application is in printing, 
while that of isopurpurin is in dyeing. Anthraflavic acid and 
isoanthraflavic acid sometimes occur in the commercial products. 
They are entirely valueless in dyeing, and are produced in badly 
conducted operations. 

Like isopurpurin, flavopurpurin contains the third hydroxyl- 
group in the second benzene nucleus. 

D. Anthragallol [ 41 ]. 

This trioxyanthraquinone is not prepared from anthracene, but 
is obtained by condensation of gallic acid with benzoic acid. In 
anthragallol the three hydroxyl- groups occupy adjacent positions 
[1:2:3], 

It is prepared by heating equal molecules of benzoic acid and 
gallic acid with concentrated sulphuric acid. The following 
equation expresses the reaction which takes place : — 


II OH CO OH 



+2H 2 0 

Anthragallol has a brown colour, and dyes brown shades on 
alumina or chromic oxide. The commercial Alizarin Brown is a 
mixtureof anthragallol with more or less rufigallic acid. 

The latter compound is hexaoxyanthraquinone, and is formed 
in a similar manner to anthragallol by condensation of gallic acid. 
It belongs to the mordant anthraquinone-derivatives. 

Alizarin Bordeaux and Alizarin Cyanine [ 38 , 39 ]. 

On treating dry alizarin with a large quantity of sulphuric acid 
containing 70 per cent, anhydride, a peculiar ether of sulphuric acid 
is obtained,. which on boiling with water splits up into a new 
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dyestuff, “ Alizarin Bordeaux,” and sulphuric acid. This alizarin 
Bordeaux is a tetraoxyanthraquinone identical with qumalizarin : 


on no on 



OH CO 

This dyestuff produces line Bordeaux shades on alumina mor- 
dants, and in colour-printing a blackish blue is obtained with a 
chromium mordant. On wool a deep claret with a violet tone may 
be obtained. Alizarin Bordeaux crystallises from nitrobenzene 
in fine red needles which have a metallic lustre. It may be dis- 
tilled, undergoing only slight decomposition. 

If alizarin Bordeaux be dissolved in concentrated sulphuric acid 
and treated with manganese peroxide or arsenic acid, oxidation 
takes place, a pentoxyanthraquinone being formed ; — 

OH rn oh 



Oil CO OH 


This body comes into commerce as Alizarin Cyanine It or as 
Alizarin Blue CR* Alizarin cyanine crystallises from glacial 
acetic acid in beautiful crystals, and dissolves in concentrated 
sulphuric acid with a blue colour ami a fine red fluorescence. If 
dyed on cotton mordants with alumina, fine violet shades are 
produced, and chromium mordants give dark blues. In^the pre- 
paration of alizarin cyanine It, a sulphuric ether is formed as 
intermediate product, and on treating with ammonia this body 
yields a dyestuff which differs from alizarin cyanine It inasmuch as 
it produces considerably greener shades. It is also a commercial 
product, and is sold under the name Alizarin Cyanine G. 
Analogous series of reactions may be carried out with the isomers 
and homologucs of alizarin, for example, u Bordeaux” and " Cya- 
nines ” corresponding to those described above may be obtained 
from purpurin, anthrapurpurin, flavopurpurin, and anthragalloh 



OXYQUINONES AND QTJINONEOXIMES. 


91 


Alizarin Blue [28, 29, 30]. 

This dyestuff is prepared by heating /3-nitroalizarin with 
glycerine and sulphuric acid. It is peculiar in so far that it 
possesses the lake-forming properties characteristic of the alizarin 
dyes, and is at the same time a weak base. Alizarin blue was 
discovered by Pnidffiomme [28], and the determination of its 
constitution by Graebe [29] led to the synthesis of quinoline by 
Skraup from glycerine, nitrobenzene, and aniline. 

Alizarin blue has the composition C^HgNO^, and stands in 
the same relation to alizarin as quinoline to benzene. 

Its constitutional formula is as follows [29] : — 


CO OH 



In the pure state (crystallised from benzene) it forms brownish- 
violet needles, insoluble in water and difficultly soluble in ether 
and alcohol. It melts at 270°, and sublimes, forming orange 
vapours. It dissolves in alkalies with a blue colour, an excess of 
alkali turning the solution green. Its salts with acids are of a 
reddish colour, and are decomposed by water. 

On distillation with zinc powder it yields anthraquinoline, 
C ar H n N[29]. 

With^ chromium oxide, alizarin blue gives a stable indigo-blue 

lake. m 

It is chiefly applied in the form of its bisulphite compound, the 
latter being the principal constituent of the commercial Alizarin 
Blue S [31]. This is a reddish-brown compound and is decom- 
posed on heating, alizarin blue separating. The bisulphite com- 
pound is printed with acetate of chromium ; and, on steaming, the 
chromium lake of alizarin blue is fixed on the fibre. The bisul- 
phite compound maybe precipitated from its solutions by common 
salt, and comes into commerce as an easily soluble brown powder. 
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Alizarin Indigo-blue S, Alizarin Green S [40]. 

Alizarine blue may be oxidised by action of fuming sulphuric 
acid, the process being analogous to that used for the preparation 
:jf Alizarin Bordeaux. At 50° to GO 0 a dyestuff called Alizarin 
Blue-green is formed, and is best isolated in form of its bisulphite 
compound. It is a monosulphonie acid of mono-oxyalizarin blue. 

If the mixture be heated to 120°, or if alizarin blue-green is 
heated with concentrated sulphuric acid to 120°, an intramolecular 
change takes place, a new mono-oxyalizarin blue monosulphonie 
icid being formed. This body is an article of commerce, and is- 
known as Alizarin Green S. 

If, finally, the temperature of the reaction between sulphuric 
icid and alizarin blue be raised to 200° to 210°, or if alizarin 
*recn is heated to the same temperature with concentrated sul- 
phuric acid, a third dyestuff, Alizarin Indigo-blue, is obtained. 
This body is a trioxyaiizarin-blue. The commercial products are 
wastes which contain the bisulphite compounds. The shades pro- 
lueed in dyeing are sufficiently indicated by the names, being a 
lull indigo-blue and a dull bluish green respectively. The best 
results are obtained with chromium mordants. 

SUjrogallol [315, 87]. 

This compound is obtained by heating gallic acid with cinnamic 
icid in sulphuric acid solution to 55°. It forms fight yellow 
needles, 3VLP, 850°. It is insoluble in water, and sparingly 
soluble in alcohol, glacial acetic acid, and aniline. 

Its solution in alkalies is green, changing through violet to red 
>a wanning. It dissolves in strong sulphuric acid with a yellowish- 
red colour. 

Styrogallol is probably an o-dioxyanthracoumarine. On warming 
with acetic anhydride a diaeetyi derivative, M.P* 260°, is obtained. 

On alumina mordants it dyes an orange-yellow shade, similar 
fco alkarin orange, but owing to its high price has not been used 
practically.’ 

A dibrominated dioxy-/9-methylcoumarine is known commer- 
cially as Anthracene Yellow. 
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Quinoneoximes. 

These compounds are obtained by action of nitrous acid on 
phenols, and were formerly regarded as nitrosophenols ; but this 
assumption has gradually been abandoned. They may also be 
obtained by action of hydroxylamine on quinones, and yield 
dioximes on further treatment with this reagent. It is therefore 
more probable that the nitrosophenols are really oximes of quinones, 
i. e quinones in which one oxygen atom is replaced by the divalent 
group = N — OH. 

0 NOH 


II 



Quinone. Quinoneoxime 

(Nitrosophenol). 

The quinoneoximes, like the quinones, are mostly yellow, but 
possess little tinctorial power. Certain oxime-derivatives of ortho- 
quinones, however, like oxyquinones, are capable of combining 
with mordants (especially iron and cobalt), forming highly coloured 
lakes which may be fixed on textile fibres. 

Some of this latter class of quinoneoximes are described in 
detail* as they have attained some importance as adjective dye- 
stuffs, 

Dinitrosoresorcin ( Diguinoyldioxime ) [32], 

C 6 H 2 0 2 (N0H) 2 . 

This compound is obtained by treating an aqueous solution of 
resorcin with nitrous acid (sodium nitrite and sulphuric acid). 
Dinitrosoresorcin crystallises from alcohol in yellowish-brown 
leaflets, which deflagrate at 115°. It is a pretty strong dibasic 
acid, and forms easily soluble salts with alkalies. 

Its constitution is probably expressed by the following formula 
[33]:- 
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O 



iXOli 


The iron lake of dinitrosoresorcin. is green, and tbe latter 
produces green shades on cotton prepared with iron mordants. c It 
has been used for some time in cotton-dyeing under the name 
“ Fast Green/’ 


N(q>h thaq uit/ on eoximes [ 34 ]. 

C|„II t |0(N0H). 

/3-napbthaqninone yields two oximes, both of which are capable 
of dyeing on mordants, while this property is absent in the oxime 
of a-naphthaquinone (a-nitroso-a-naphthol), 


Noil 



a-nitroso-/i-naphthol is obtained by action of nitrous add on 
/S-naphthol, while a-naphthol under similar treatment, gives 
jS-nitroso-a-naphthol, 


0 


/\/\ 

V\/ 


NOIl 


along with some a-a-compound. 

Both derivatives of /3-naphthaquinone give intensely green lakes 
with ferric oxide, while their cobalt lake is dark red, being known 
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in commerce as Gambine R and G respectively ; but they are not 
of great importance. 

The iron salt of a sulphonic acid of the a-/3-compound comes 
into commerce as Naphthol Green [38, 39]. 

The sulphonic acid is prepared by acting on Schaeffer’s acid 
with nitrous acid. The iron compound of this acid is soluble in 
water, and is fixed on animal fibres like the acid dyestuffs. 

Naphthol green is used to some extent in wool-dyeing. 

The dyestuff known as Dioxine is a nitroso-derivative of 1*8 
diexynaphthalene. 
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CHAPTER IV* 

KHTO^KIMIDHS A SI) HYDUAZiDKS. 


Tiiesr bodies, certain of which have been used as dyestuffs, are 
derived from the simple ketones in the same manner as the qninone- 
imides and qnmone-hydrazides from the diketones (quinones). 
Here, however, the ehromoplior occurs in an open carbon chain, 
and as it is only of a weak character, requires a salt-forming 
group to develop the properties of a dyestuff* The colour produced 
is always yellow. 

It has already been remarked that tin* (JO group, whefi it does 
not occur as a member of a closed carbon ring, cannot act as a 
chromoplior, and only becomes one when the oxygen is replaced 
by sulphur or by a nitrogenous group* So far as the present 
state of knowledge reaches, all benaophenone derivatives are 
colourless. On the other hand, thiobenaophenono yields coloured 
derivatives* Tctramcthyldiamidothiohenzoplicuonc [3] 

(CH s ) 3 NC„U Scg 
(CH*) 3 NC 4 Il/ ’ 

for example, is intensely yellowish ml, but is no dyestuff* 

If the sulphur in this compound he replaced by the i mine-group 
MH, auramine, the only representative of the ketoncimftle dye- 
stuffs known, is formed* 

* The starting-point for the manufacture of auramine is tetra- 
methyldiumidobenziophenone, 

{CH 3 } 2 NC 6 1L 

>CO, 

(CH*),NC b H/ 

This "base was discovered by Miehler [2] ia 1876, and has 
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recently become an important product for the manufacture of 
triphenylmethane dyestuffs. 

Tetramethyld iamidobenzophenone is obtained by action of 
carbon oxychloride or of perchlorformic ether on dimethylaniline 

The analogous thioketone already mentioned is obtained in a 
similar manner from carbon sulphochloride, CSCL, and dimethvl- 
anihne ; it may also be obtained by treating the corresponding 
oxygen ketone with phosphorus sulphide. The two ketones are 
similar m their reactions [3]. 

faction of nascent hydrogen, tetramethyldiamidobenzonhe- 
none is converted into the corresponding benzhydrol [1] : _ 

(CH 3 ) 2 NC 6 H 4 OH 

(ch 3 ) 2 nc 6 h 4 /( n h • 


This compound combines with acids to form beautiful blue 
salts,, which, like the dyestuffs of the rosaniline series, are de- 
colorised by excess of acid. It is probable that in these coloured 
salts the compound exists as an anhydride, as is the case with the 
rosaniline salts. The hydrochloride, for instance, has the consti- 

t.ntirvn • — 


(CH 3 ) 2 N-C 6 H 4 
(CH 3 ) 2 N— 
cffi ! 


The chloride obtained by treating tetramethyldiamidobenzo- 
phenone with a phosphorus chloride is probably not the simnle 
chloride * 

(CH 3 ) 2 N-C 6 H 4 

(CH 3 ) 2 N-C 6 H/°“ U3; 

but as k possesses a deep blue colour, is constituted according to 
the formula : — ° 

(CH 3 ) 2 N-C e H 
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Anraminf ' [ 1 , 4 , 5 , 7 ]. 

C ir lf„'N ;i . 

This dyestuff was disco venal simultaneously by A. Kern and 
H. Caro, and is formed by action of ammonia on tctramethyl- 
diamidobenzophenono. It is best prepared by melting this base 
with ammonium chloride and zinc chloride. The reaction is 
expressed by the equation : — 

C 1? 1 1 ,„N,0 + NI l ;i =C, r I 1„N :; + 1 1,0. 

Another process for the manufacture of auramine consists in 
allowing ammonia to act on a mixture of tctramethyldiamidodi- 
phenyhnethane or totrametbyidiamidobenzhydrol with sulphur at 
180 °. 

Auramine is also prepared industrially as follows : — 
Dimethylamidobenzoie chloride is produced by action of phos- 
gene on dimethylanilino ; 

C (i lI,N(CH ;i ), + ( lOCLj = C,J 1 s — K (CI1 3 ), + 1 K'l . 

(So Cl 

Tills chloride is treated with diphenvlamine, whereby dimethyl- 
anridobenzodiphenylamim: is formed ; 

Cjr t -N(Cl! ;i ), 

CO-N(C ti H,), ‘ 

Practically, the above reactions are combined into one operation. 
The above condensation-prod net is treated with a chloride of 
phosphorus or phosgene, and the resulting chloride, 

0«II 4 — 2ST(CII 3 ) a 
C— C1 I .N(C,H,) I ’ 

condensed with dimethylaniliue, and the compound produced 

C a Il 4 . N(CH,) t 

C^-N(C«Hj ) 3 

x CaII 4 . N(CH 3 ) 2 . Cl 

heated with ammonia yields auramine and diphenylaminc. 
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Auramine comes into commerce as the hydrochloride C 17 H 21 N 3 , 
HCl. This salt is easily soluble in water, and crystallises from 
this medium in beautiful golden-yellow leaflets. 

It is decomposed by continued boiling with water, especially 
in presence of free hydrochloric acid, tetramethyldiamidobenzo- 
phenone and ammonia being regenerated. 

Platinum double salt, (C 17 H 21 H 3 ,HCl) 2 ,PtCl 4 , forms an orange- 
red precipitate. 

Picrate, C 17 H 21 ]Sr3,C 6 H 2 (N0 2 ) 3 0H, forms yellow leaflets sparingly 
soluble. 

Oxalate, (C 17 H 2 iN 3 ) 2 C 2 H 2 0 4 , forms yellow needles sparingly 
soluble in water. * 

Leuco-auramine [7], C 17 H 23 N 3 , is formed by reduction of an 
alcoholic solution of auramine with sodium amalgam. It forms 
colourless crystals, M.P. 135°, and dissolves in glacial acetic acid 
with a blue colour (see under) . 

P henylauramine and tolylauramine are obtained by action of 
aniline and toluidine on auramine or on tetramethyldiamido- 
benzophenone. 

Auramine must be regarded as the imide of tetramethyldiamido- 
benzophenone, and accordingly has the constitutional formula : — 


(CH 3 ) 2 N— c 6 h 4X 

6 4> C=NH 

(CH 3 ) 2 N-C 6 H 4 


The ring constitution accepted for tetramethyldiamidobenz- 
hydrol cannot be present in auramine, as the elements of consti- 
tutional water necessary are not present. The yellow colour of 
auramine also is against the assumption of a ring formula, the 
benzhydrols being blue. 

On the other hand, a ring- formation is probably present in the 
blue salf formed by leucoauramine and acetic acid, and this Graebe 
express^ by the formula : — - 


Swf-tcna, 


An objection to this formula is that till now pentatomic 
nitrogen is only known in combination with an acid radical or 
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hydroxyl. Auraminc aucl its derivatives arc the only dyestuffs 
known which belong to the class of simple heioneimides. The 
chromophor, C— Nil, unlike that in rosauiline dyestuffs, occurs 
in an open chain, and in this respect the bydrazides (Tartrazine) 
arc similar, and also have a yellow colour. Auraminc is one of 
the few basic yellow dyestuffs, and owing to its easy iixation on 
tannin mordants has obtained a considerable importance in cotton- 
dyeing and printing. It produce's a pure yellow shade. 

Its substitution-derivatives, such as phenylauramine, liave 
mostly a brown colour, and have not been applied practically. 


PlIliN Y U IYDRAJil DBS [S]. 

Phenylhydrazine reacts readily with most compounds which 
contain the group 00 ; the oxygen atom being eliminated in the 
form of water with two hydrogen atoms of the phenyl hydrazine, 
the rest of the latter entering in the place of the oxygen. 

It is probable that the two hydrogen atoms which split off 
belong to the amido-group, and therefore the hvdrazides contain 
the group C=N— NHC (i H s . 

That a (dose relationship exists between azo-compounds and 
bydrazides is seen from the fact that certain oxyazo-eompounds 
obtained from diazo-eotnpounds and phenols are identical with the 
bydrazides of certain quinones. Indeed all coloured bydrazides 
show a great similarity to the azo-compounds, and prfthably 
belong to this class. Both classes of compounds, for example, 
behave similarly on reduction. The hydrazine group, like the 
azo-group, is split, yielding two amido-groupa, one of which 
remains in combination with the phenyl group, the other with 
the carbon atom. 

All the bydrazides known at present have a yellow or orange 
colour, like the simpler azo-compounds. 

Tartrazine. 

This dyestuff is manufactured by action of phenylhydrazine- 
sulpbonic acid on dioxy-tartaric acid. This acid, which in the 
hydrated condition has a formula 
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COOH 


f /OH 
fM)H 


C/° H 

V N OH 


COOH, 


must be regarded as the hydrate of a diketonic acid : 

COOH 

I 

CO 

I 

CO 

COOH. 


It reacts according to the latter formula with hydrazines, two 
molecules of which enter into reaction. 

The product obtained with two molecules of phenylhydrazine 
has a beautiful yellow colour; it is too sparingly soluble to be 
of use in dyeing, but a valuble dyestuff may be obtained by intro- 
duction of sulpho-groups. 

The commercial product known as Tartrazine is a sulphonic acid 
prepared by the action of two molecules of phenylhydrazine- 
sulphonic acid (from sulphanilic acid) on one molecule of sodium 
dioxytartrate in hydrochloric acid solution. The constitution of 
tartrazine is probably expressed by the following formula : — 

COOH 

C = N-NHC 6 H,S0 3 H 

I 

C=N-NHC c H 4 S0 3 H 

COOH. 

The sodium salt of tartrazine forms a fine orange-yellow 
crystalline powder. It dyes animal fibres from an acid bath, 
producing a beautiful gold-yellow shade, which is valuable for 
its stability against light and milling. 

The application of higher hydrazines gives rise to dyestuffs of 
redder tone. 
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CHAPTER V. 


T ItlPJI EX YLMKTII A X E DYESTUFJbU 


Tkifhekylmetiia.ve and its analogues are mother substances 
of a series of dyestuffs, many of which are of great technical 
importance. 

if amido- or hydroxvl-groups are introduced into triphenyl- 
methane, in certain positions, colourless compounds, the Icueo- 
dcrivativcs of dyestuffs, are formed. 

For example, if three amido-groups are introduced into the 
three benzene nuclei, in the para position to the methane-carbon 
atom, the compound known as paraleueanilme is formed, 


lLNCyi* 

>c—c d 
iLNcyr, « 

n 


1 1,, NIL. 


On oxidation this compound loses two hydrogen atoms, and a 
condensation takes place between the nitrogen of an amido-gronp 
and the methane-carton atom, pararosaniline being formed. [See 
Introduction,] 


H«NO s If 4 


-<yi 4 . 

Nil 


Pararosaniline only exists in the form of its salts, amfin the 
free state takes up one molecule of water, triamidotriphenyl- 
carbinol, a colourless compound, being formed, 


H s NC fl H 

H,NG,H 


')C-O s H 4 NH 

4 Jll 


2* 
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This transformation into colourless carbinol-derivatives takes 
place with all basic triphenylmethane dyestuffs, and the carbinols 
are for this reason regarded as the bases of the dyestuffs, although 
this assumption is not altogether correct. Really both classes of 
■compounds have totally different constitutions, as in the dyestuffs 
a closed ring is present, while in the carbinols it is absent. In 
the triphenylmethane dyestuffs the chromophor =C — NH — or 
=C — O — is always present, and generally effects the linkage 
between several aromatic nuclei. In most cases it occurs, how- 
ever, in one ring, occupying two para positions. For instance, 
pararosaniline contains the group : 


NH 



which shows a certain analogy to quinones. 

The imido-group present in the chromophor also serves as salt- 
forming group, and appears to effect a combination of the dye- 
stuff with the fibre. For instance, animal fibres may be dyed with 
the colourless carbinol bases, just as with the dyestuffs them- 
selves. Apparently a salt is formed, in which the fibre acts as an 
acid, and combines with the imido-group. 

The basic properties of the amido-groups present only be- 
come apparent under the influence of strong acids, or of the 
haloid derivatives of the alcohol radicals. These amido-groups, 
however, intensify the basicity of the imido-group. The forma- 
tion of salts with these groups is generally attended by a striking 
alteration of the dyestuff character. 

Basic triphenylmethane dyestuffs mostly form sulphonic acids ; 
these are generally acid dyestuffs, and when observed in the free 
state or in form of their acid salts have the same colour as the 
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original dyestuffs. Their neutral alkali salts are colourless, and 
appear to be earbinol compounds. 

The conversion of* basic carbinols into dyestuffs is generally 
gradual, and in many cases the formation of colourless salts of the 
former may be observed. Tctramethyldiainidotripheuyicarbiuol 
(the base of malachite green) gives a colourless solution with 
dilute acetic acid, the formation of dyestuff only taking place on 
warming or after long standing. 

Numerous methods are employed for the production of tri- 
phenylmethane dyestuffs. 

Substituted benzophenones may be condensed with tertiary 
bases in presence of a dehydrating agent. 


(cn^Ncyi,^ 

(CH^NCyi., 

Teti'aniotliyUliamiiUiln'iisutphenom 


/ c<)+c,ir a N(cii 8 ).+ nci= 


Dinif'thj'Ianilinc. 


(C1I 3 ) 3 NC 6 H 

(CII ;i ) 5 NC,.H 


^C— C 0 II 4 N(Cll 3 ) 2 + H 3 0. 


Cl 


i faxmiK'th.ylniHuniliiic. 


The chloride of tetramcthyldiamidobenzophenone reacts in a 
similar manner. This compound has a blue colour, and probably 
belongs to the diphcnylmcthane dyestuffs, which are analogous to 
the rosanilines. It has the constitution : — 


(CH,),NC.ir 4N 

IL . i 

Cl 


Benzhydrol obtained by reduction of tctramethyldiamidobcnzo- 
phenonc (compare page 94), and which also in form of its salts 
behaves like a dyestuff, reacts with amines with the greatest ease. 
In tins reaction the leuco-derivativcs of the dyestuffs are 

obtained. 
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(CH 3 ) 2 N . c h 4 . /H 

• (CH, )!lf .C,H/ C <OH +C * H ‘ N(0H ->> 

Tetramethyldiamidobenzhydrol. Dimetbylanilme. 
= (CH,),N . C H K 

( C H,),N.0.H>?-°- H ‘ N ( CHJ - + H ' a 

H 

Hexamethylparaleucaniline. 


Colouring-matters (rosaniline, methyl violet) of this class are also 
formed by oxidation of primary, secondary, or tertiary amines, 
which confain methyl groups in combination with nitrogen or 
carbon. Further, benzene- derivatives, which contain no methyl 
groups, yield dyestuffs if treated with compounds which at the same 
time are capable of withdrawing hydrogen and supplying carbon, 
such as carbon tetrachloride, oxalic acid, iodoform (rosolic acid, 
diphenylamine blue). Another method consists in the direct 
introduction of amido-groups into triphenylmethane. Again, 
aromatic bases or phenols yield triphenylmethane-derivatives by 
condensation with toluenes, chlorinated in the side chain, or with 
aromatic aldehydes. In most of these cases leuco- compounds are 
obtained;, and are converted into dyestuffs by oxidation. The 
phthaleins, a peculiar class of triphenylmethane dyestuffs, are pre- 
pared by condensation of phthalic anhydride with phenols. 


A. EOS ANILINE DYESTUFFS. 

In the wider sense of the term, this class comprises all the basic 
dyestuffs obtained from triphenylmethane and its homologues. 
As has already been remarked, the salts are the real dyestuffs, 

while tbs so-called colour-bases are colourless carbinol derivatives. 

* 

Up to the present, no suitable nomenclature has been applied to 
the actual dyestuffs, rosaniline for example being generally called 
triamidotriphenylcarbinol, and this method has been adopted in 
the present work; although in reality the carbinol bases have 
little or nothing to do with the dyestuffs, so far as constitution is 
concerned. 

The simpler basic triphenylmethane dyestuffs are derivatives of 
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fliamidotriplicuylmctham 1 . This compound gives a violet dyestuff 
on oxidation, which has not been submitted to a close investiga- 
tion [3], It is probably a member of the class of compounds in 
question, and has the constitution : 


CJI.-C; 


CJi.Nif 


The tetramethy] derivative of the above compound comes next 
in the series, and is a well-characterized substance. 


TeimmethtfUliumdotripImuflcarhiuol [?>, 4 , 5 ], 

CVjII.. ( .N„0 = C’,.l I .-, — (.'/ 

■ ' i s C t II 1 N(C , H 3 ) 3 

J 

on 


The base, separated from its salts by alkalies, forms a colourless 
or slightly grey powder. It crystallises from ligroin in shining 
colourless leaflets, or in round aggregates of crystals, M.P. 120°. 
With acids the compound forms intensely green salts, water 
being split off. As the amido-groitps contain no replaceable 
hydrogen, and as it is scarcely probable that the hydrogen neces- 
sary for the formation of water is withdrawn from the methyl 
group, it nmy he accepted that the hydrogen atom is displaced from 
a molecule of the acid, and that the salt formed has a similar con- 
stitution to the salts of quaternary ammonium bases. Accord- 
ingly the hydrochloride has the constitutional formula [3] : 


CJI,- 


(t/ <; - l! 4 N(ClI 3 ) 9 

f '€ e ll.N (Cil a ).j' 

I /• 

'Cl 


With a large excess of acid, the pale yellow diacid salt may be 
obtained. The monoacid salts are characterized by the ease with 
which they crystallise ; they are beautiful gram dyestuffs of great 
tinctorial power [6] . 
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Hydrochloride, C 23 H 24 N 2 ,HCi, forms easily soluble green leaflets. 
Sulphate, C 23 H 24 N 2 ,H 2 S0 4 , crystallises with one molecule of 
H 2 0 in brilliant green needles, or anhydrous in thick green 
prisms. 

Zinc chloride double salt, (C 23 H 24 N 2 ,C1) 3 + 2ZnCl 2 + 2H 2 0, forms 
brilliant green needles or leaflets. 

Oxalate, 2C 23 H 24 N 2 + 3C 3 H 3 0 4 , large green prisms, easily soluble 
in water. 

Picrate sparingly soluble, crystallises in golden-yellow needles. 

- ' Ethyl ether, 

6 C 6 H 5 C=[C 6 H 4 N (CH 3 ) 2 ] 2 , 

oc 2 h 5 

is obtained by heating the base with alcohol to 110°; it is 
colourless, and melts at 162°. 

The methyl iodide [5], 

C 23 H 25 (OCH 3 )N 2 ,2CH 3 I + H 2 0, 


is formed by heating the base with methyl iodide and methyl 
alcohol. It forms colourless needles. 

Tetramethyldiamidotriphenylcarbinol, or more correctly its 
anhydride, is formed by oxidation of tetramethyldiamidotriphenyl- 
methane [3], and by condensation of two molecules dimethyl- 
aniline with one molecule benzotrichloride in presence of zinc 
chloride [4]. It may also be obtained from benzoyl chloride 
and dimethylaniline [3] by action of the air. 

The most recent method of preparation is by action of dimethyl- 
aniline on the chloride obtained by treating dimethylamido- 
benzophenone with phosphorus trichloride. 


CC1 


/ C g II 4 N(CH 3 ) 

2 x c c h 5 


2 


The salts of tetramethyldiamidotriphenylcarbinol come into 
commerce under numerous names, of which Malachite Green and 
Benzaldehyde Green are most usual. Malachite green has at- 
tained considerable importance ; it h^s almost treble the tinctorial 
power of the older methyl green, and possesses further the 
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advantages of dyeing wool easily and resisting the action of heat. 
The oxalate and the zinc-chloride double salt are most frequently 
met with. 

Malachite green was first prepared by E. and O. Fischer [3] 
by oxidation of tetramcthyldiamidotriphenyhncthano. Shortly 
afterwards Doelmer obtained it by action of benzotricbloride on 
dimethylanilinc, a process which was patented [4, 0] and used 
for the manufacture of the dyestuff. At that time Fischer’s 
method of preparation was not practicable, as the necessary benz- 
aldehydc could not be obtained. However, the difficulties 
encountered in the technical production of the latter were soon 
overcome, apd now the hcnzotrichloridc process, which gives very 
unsatisfactory results, has been entirely abandoned. At present 
the manufacture of malachite green is carried out as follows : — 

The leuco-hasc is prepared by healing one molecule of hcnzaldc- 
hyde with two molecules of diinciltylaniline in presence of hydro- 
chloric acid. (Zinc chloride was formerly used, but has been 
found to be unnecessary. ) The base is then dissolved in the 
theoretical quantity of hydrochloric acid ami the calculated 
amount of finely suspended lead peroxide added to the solution, 
which must he very dilute. The lead is removed as sulphate by 
adding sodium sulphate, and the dyestuff precipitated by adding 
zinc chloride and sail. 


Nitra-deri vati ves of Tetra meth tjt diam i d atrip hen yl carli nol 

[3, 8j. 

The paran itro-eompound is obtained by oxidation of nitro- 
tetramcthyidiamidotriphcnylmcthano (from parauitrobcnzalde- 
hyde and dimetbylauiline) and also by notion of parairitro- 
benzoyl-chloridc and atmospheric oxygen on diruethylaniline [3]. 

The base, C E ifI M N a 0(N0 2 ), crystallises in yellow prisms. The 
salts are green, and are decomposed by water. On partial 
reduction a violet dyestuff (probably tctramcthylpararosaniliuo) 
is formed; complete reduction yields tctramcthylparaleucauilme. 

The meta-compound [2, 8] is formed by oxidation of the nitro- 
ietramethyldiamidotriphenylmethaue obtained from mCtanitro- 
benzaldehyde and dimethylalnline. It is similar to the former 
compound, but does not yield a violet dyestuff on reduction. 
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JDichlortetrametliyldiamidotriphenylcarbinol [11]. 

C 23 H 24 N 2 C1 2 0. 

The salts of this compound come into commerce as Victoria 
Green 3 B or New solid Green 3B. It is prepared by condensa- 
tion of dichlorbenzaldehyde with dimethylaniline and subsequent 
oxidation of the leueo-base formed. Its shade is bluer than that 
of malachite green. 


Tetraethyldiamidotriphenylcarbinol [7J . 

c 27 h 32 n 2 o. 


The salts of this base come into commerce under the names 
Brilliant Green, New Victoria Green, Ethyl Green, and Solid 
Green. The sulphate, C 27 H 32 N 2 ,H 2 S0 4 , is most commonly met 
with. It forms brilliant, gold shimmering needles. The zinc- 
chloride double salt forms brilliant green needles. In dyeing 
brilliant green produces yellower shades than malachite green. 


Sulphonic Acids [9, 10]. 

These bodies are in considerable demand, especially for wool- 
dyeing, and numerous products are met with in commerce. They 
are generally prepared by sulphonation of the leuco-bases, and 
subsequent oxidation ; as the bases themselves do not give good 
results on direct sulphonation. The sulpho-group enters especi- 
ally easily into benzylated bases ; and probably enters the benzene 
ring of the benzyl group. 


Helvetia Green . . 

C 23 H 25 N 2 0 4 SNa. 

* This dyestuff, which is obtained by sulphonation of leuco- 
malachite green, and subsequent oxidation, is the oldest of its 
class ; but is not much used at present, as its acid properties are 
only slightly developed. 
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IjUjhh (trevn 8 . 

C ar II w N tf O w « 3 ^. 


This dyestuff is known also as Acid Given, Light Green S F, 
and Guinea-Green 13, and is the most important of this class. The 
lcuco-base used for its production is diefhyldibenzyldiamido- 
triphenyl methane, obtained by condensation of ethylbenssyl- 
aniline and benzaklehyde. The resulting body is sulplion^ted 
and oxidised. Light Green S F dyes wool and silk from an acid 
bath (Fried lander, B.B, 1881), p. 088 ). 

Certain blue dyestulfs which belong to this class have recently 
been introduced into the marked. They are prepared by conden- 
sation of dimcthylaniliuc, diethylnniline, and ethylbenzylaniline 
with ructaoxy- or nuda-amidobenzaldehyde. The resulting leueo- 
hases have the fornmhu 


/ C.U,()H(m) 


or 


HC 


AW 1 , 011 ( 111 ) 

' [ (, ‘"< N r'i".iv j: 


The commercial dyestuffs known as Patent Blue X and Super- 
fine are lime-salts of the stilphonie acids, obtained by sulphonation 
and subsequent oxidation of the above leueo-bases. The shades 
produced are similar to those of indigo extract, and have the 
advantage of greater fastness and brilliancy (l). It. 1’. 40384, 
48525; Ghcmikerz. 1881), p. 1702). 

A further dyestuff derivative of diamidotripheiiylmethano is 
Quinoline Green [ 1 ], obtained by action of tetramuthyldiamido- 
bonzophenone, its chloride, or its hydro! on quinoline. In the last 
case a Icuoo-eompound is formed. 

The dyestuff is probably constituted according "to the 
formula : — 


(CH,),«NC,H, 

(CII I ),-NG,H/|' 

II. 


C,ll,N. 


Acid Violet N is a dyestuff ef similar properties, and probably of 
similar constitution to the above. 



TRIPHENYLMETHANE DYESTUFFS. 


Ill 


Triamidotriplienylcarhinol, Pararosani line. 


h 2 nc„h 4 


c/ C 6 H 4 NH 2 
I x C e H 4 NH 2 ‘ 


OH 


The anhydride occurs only in the coloured salts ; for example,, 
in the hydrochloride : — 


H 2 N-C 6 H 4 — c( 


C t H 4 NH 2 

C 0 H 4 NHHOl' 


The amido-groups of pararosaniline are in the para position to 
the methane- carbon atom. It is formed by heating two molecules 
of aniline and one molecule of paratoluidine [11] with arsenic 
acid, mercuric chloride, or other oxidizing agents ; by partial 
reduction of trinitrotriphenylcarbinol with zinc powder and 
acetic acid [12] ; by oxidation of triamidotriphenylmethane 
(paraleucaniline) [12] ; by heating aurine with ammonia to 120° 
[12] ; and by heating pure aniline with carbon tetrachloride, 
ethylene chloride, or iodoform. It may also be obtained by 
action of paranitrobenzaldehyde [14], paranitrobenzyl- and benzoyl 
chloride [15], or paranitrobenzyl-alcohol on aniline. 

The base forms colourless leaflets sparingly soluble in cold, more 
easily in hot water. It combines with one molecule of acid to 
form salts of, an intense red colour. With an excess of acid, 
yellow triacid salts are formed, which are decomposed by water. 

On reduction, pararosaniline yields paraleucaniline (triamido- 
triphenylmethane) . ' 

By heating with hydriodic acid in a sealed tube it splits up 
into aniline and paratoluidine. Pararosaniline was discovered by 
Rosenstiehl [16], and its constitution determined by E. and O. 
Fischer [12]. The above constitutional formula is deduced from* 
the following facts : — 

* On treating with nitrous acid, pararosaniline gives a hexazo- 
compound, in which all three nitrogen groups are present as diazo- 
groups (probably carbinol compound^ . On boiling with alcohol 
this diazo-eompound yields triphenylmethane, C 19 H 16 . 
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On partial reduction trhiitrotriphonylcarhinol yields pararos- 
aniline [12]; paraleueanilinc being formed on further reduction. 

By action of paramtrubenzahlehydo on aniline in presence of 
zinc chloride, nitrodiamidodiphenylmethane is formed; yielding 
paraleueanilinc on reduction [12]. 

Pararosanilinc is present in most commercial msanilines. Tts 
salts are similar to those of the latter, but arc in general somewhat 
more easily soluble in water. 

The synthesis of pararosanilinc (from paranitrobcnzaldehyde, 
&e.) [1 1, 15, 17, LS] has until now not been carried out on a 
large scale, but it may be expected that in course of time the 
technical difficulties which stand in the way of these processes 
will be overcome. Recently pararosanilinc has been manufactured 
by a synthetic; process based on the following lines. Anhydroform- 
aldehydeaniline, obtained by action of formaldehyde on aniline, 
is heated with aniline and aniline hydrochloride, whereby diamido- 
diphenylmethane is formed. This latter compound, on heating 
with aniline, aniline hydrochloride, and an oxidising agent yields 
pararosanilinc. 


Methyl Violet [19]. 

The commercial products known under this name arc prepared 
by oxidation of dimethylaniline sometimes containing monomc- 
thylaniline* The dimethylaniline is mixed with sulphate or chlo- 
ride of copper, acetic acid, potassium chlorate, amt a large quantity 
of common salt. A more recent process consists in using phenol 
in place of acetic acid— the chlorate !>cing generally dispensed 
with. During the actual process the cupric chloride becomes re- 
duced to cuprous chloride, winch oxidises again at the expense of 
the chlorate or by the atmospheric oxygen, thus acting as .oxygen- 
carrier, Cuprous chloride is capable of forming an almost in- 
soluble double chloride with methyl violet, this property being 
absent in cupric chloride. Formerly the double compound was 
decomposed by sulphuretted hydrogen, the soluble violet being 
separated from copper sulphide by filtration. At present th# 
same end is attained by addition of ferric chloride, which oxidises 
the cuprous salt to cupric chloride, which remains in the mother- 
liquor after the violet has been salted out. 
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The following will give an idea how the phenol process is carried 
out on a large scale. The operation takes place in a drum, which 
is jacketed, and connected with steam- and cold-water supplies. 
Finely powdered salt and copper sulphate are stirred with phenol 
and a little water to a homogeneous mixture. Dimethylaniline is 
then added, and the whole heated to 55°, with continual stirring, 
care being taken that the temperature does not rise above 60°. 
After a few hours the cover is removed, to allow the air to act, 
the temperature being maintained at 55°. The process is ended 
in #bout 8 hours, and the melt is cooled by passing cold water 
into the casing of the drum. The melt is dissolved in water, and 
the base of the dyestuff precipitated, along with copper oxide, by 
addition of milk of lime, and the precipitate washed to remove 
soluble salts.' It is then suspended in water, and treated with 
sulphuretted hydrogen, whereby copper sulphide is formed, and 
being insoluble in hydrochloric acid, the violet may be obtained in 
solution by heating the precipitate with this acid. Finally, the 
dyestuff is precipitated from the acid solution by salt, and purified 
by repeated solution and reprecipitation by salt. 

An older process, now abandoned, possesses interest from a 
theoretical standpoint. In this case no chlorine compound was 
used, the mixture consisting of dimethylaniline, copper sulphate, 
acetic acid, and sand. The violet is precipitated from the solution 
of the melt as sulphate by sodium sulphate. The absence of 
chlorine prevents the formation of the insoluble double chloride, 
and the reduced copper compound is got rid of as insoluble suboxide. 

The rdle played by the phenol in the modern process of manu- 
facture has not been explained, but it is* certain that its presence 
considerably increases the yield of the dyestuff. 

Methyl violet is produced by action of other oxidising agents 
on dimethylaniline, such as iodine and chloranil. According to 
Brunner and Brandenburg bromine acts on dimethylaniline, form- 
ing a brominated methyl violet [21], On the other hand, the dye- 
stuff is not produced by oxidation of dimethylaniline .in acid solu- 
tion, with lead peroxide, manganese dioxide, or chromic acid. 

As yet, the chemistry of the methyl-violet process 
understood. According to E. and O. Fischer [12], a . 
group is partly oxidised, and the formic acid producer" 
serves to link the benzene nuclei together, and to s 
necessary methane-carbon atom. As, however, the forrCt^tion of 
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violet is difficult to follow, it is not easy to give an explanation of 
the reactions involved in its production. 

In fact O. Fischer and Koerner have obtained hexamethylpara- 
leucaniline quantitatively by action of the methyl ether of o'rtho- 
formic acid on dimethylaniline [22] . The violet from dimethyl- 
aniline and ehloranil is apparently identical with the ordinary one 
obtained by the copper process [23] . 

Methyl violet forms amorphous masses with a green lustre. It 
is easily soluble in water, and dyes wool and silk violet from 
a neutral bath. On addition of a mineral acid, the solution of the 
violet becomes first blue, then green, and finally dirty yellow. 

The commercial product is a mixture, consisting chiefly of 
pentamethyl- and tetramethyl-pararosaniline with some hcxa- 
metkylpararosaniline. 

If prepared from dimethylaniline containing monomethylanilme, 
the violet also contains lower methylated rosani lines. 

As the blue shade of the violet increases with the number of 
methyl groups, the bluest brands are richest in hexamctkyl com- 
pounds. Blue shades of violet are also obtained by action of 
benzyl chloride on the violet-base. According to Fischer the 
benzyl group does not attack hexamethylpararosanilinc, only the 
lower methylated products yielding benzylated violets [25] . 

The dyestuffs known as acid-violets are mostly sulphonie acids 
of benzylated methyl violets. 

Methyl violet is difficult to convert into sulphonie acid by fuming 
sulphuric acid ; a better result is obtained by sulphonation, and 
subsequent oxidation of the leuco-base. Benzylated violets, how- 
ever, are much easier to sulphonate, especially in form of their 
leuco-bases, the suipho-group probably entering the benzene 
nucleus of the benzyl group. Other acid-violcts are obtained by 
methylation and benzylation of acid magenta. 


Tetramethylpararosan i line [ 24 ]. 


(CII 3 ) 2 N — C c JI. 4 — C\ 


C c II,N(CII 3 ) 

CJI.jjN'II 
I 


2 


This violet dyestuff was prepared by Fischer by oxidation f o£ 
tetramethyltriamidotriphenylmetbanc ; it is also obtained by 
partial reduction of paranitro-malachite green. 
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Acetyltetrametlvylpararosaniline [2 3], 


(CH 3 ) 2 N— c 6 h 4 -c< 


W(CH,), 

C 6 H 4 NC 2 H a O J 
1 . 


is formed by oxidation of acetyltetramethylparaleucaniline. It is 
a green dyestuff, and on treating with hydrochloric acid yields 
tetramethylpararosaniline. 


Pentamethylpamrosaniline [25]. 


(CH 3 ) 2 N-C 6 H 4 -C< 


C 6 H 4 N(CH 3 ) 

c 6 h 4 nch 3 

I 



The pure base is obtained by saponification of its diacetyl deri- 
vative with hydrochloric acid. The hydrochloride is a constituent 
of commercial methyl violet. 


Diacetylpentametliylpararoscmiline [25]. 

[(CH 3 ) 2 NC 6 H 4 ] 2 =C— c 6 h 4 nch 3 . c 2 h 3 o 

oc 2 h 3 o 

May be obtained by treating the crude base of methyl violet with 
acetic anhydride. It is a colourless base, and gives a green salt 
with acetic acid. This fact is not easily understood unless under 
the assumption that one acetyl group splits off, and the oxygen 
atom of the carbinol group is eliminated. 

llexometliyljyararosaniline [23, 25, 26]. 

Cl 

[ (CII 3 ) 2 NC 6 H 4 ] 2 = c-c 6 h 4 n ;ch 3 ) 2 

This c|yestuff is known in commerce as Crystal Violet, and also 
occurs in Methyl Violet. It is obtained by action of dimethyl- 
aniline on tetramethyldiamidobenzophenone : 

(CH 3 ) 2 NC 6 H 4 — CO— C 6 H 4 N(CH 3 ) 2 
in presence of a dehydrating agent, accbrding to the equation 
C 17 H 20 N 2 O + C 8 H n N,HCl = C 2 ,H 30 N 3 C1 + H 3 0. 

This is effected on a large scale in one operation, phosgene 
(COCl 2 ) being allowed to act on dimethylaniline in presence of 

1 2 
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zinc chloride, and further is formed by action of perchlormethyl- 
formiate on dimethylaniline in presence of aluminium chloride or 
zinc chloride. It is also produced by heating its methyl chloride 
or methyl iodide compound (methyl green) to 110°-120°. 

The hydrochloride and zinc double salt form lustrous green 
crystals. 

The hyclriodide and picrate are sparingly soluble. 

On reduction it yields hexamethylleucaniline, which forms 
leaflets, M.P. 173°. 


Ilexaethylpararosaniline . 

^ 

[(C 2 H 5 ) 2 -N-C (; hJ 2 -C-C (i H 4 -N (Cell,) 2 . 

This dyestuff comes into commerce as Ethyl Purple, and is pre- 
pared by the action of phosgene on diethylaniline. It dyes bluer 
shades than Crystal Violet. 

Azo-Green. 

(CH 3 ) 2 -N— C 0 H 4 -C /C « H ^ — N==N— C « H3 <CO 
I x C c H 4 - n (OH 3 ) 2 

L j L o 

Although containing an azo-group, the tinctorial properties of 
this dyestuff are due to its derivation from triphcnyl-carbinol. It 
is obtained by combining the diazo-compound from metamidotetra- 
methylcliamido-triphcnylmethane with salicylic acid. It dyes 
chromed wool a bright greenish-yellow shade. The corresponding 
paramido-compound gives a blue dyestuff. 


Methyl Green [ 19 , 25 ]. 


(CHy) 2 N C 0 H 4 —~ 


p/CJEjN (CH 3 ) 2 CTI 3 C1 
V x C <; H 4 N(CII 3 ) 2 
1 1^1 


(Clilorm ethylate of ITexameth}dpararosanilino Chloride.; 


This chloride or the corresponding iodide is formed by the action 
of methyl chloride or iodide on commercial methyl violet. The 
tetra- and penta-methylpararosanilines are converted into hexa- 
methylrosaniline ; the latto adding on one molecule of methyl 
chloride or iodide. 

On, a large scale methyl chloride is used. A slow stream of the 
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gas is passed through an alcoholic solution of methyl violet heated 
to 40°, and kept neutral by addition of soda. Autoclaves are un- 
necessary, as methyl chloride is sufficiently soluble in alcohol and 
no pressure is produced. 

The alcohol is then distilled off, and the residue dissolved in 
water, and unaltered violet precipitated by addition of soda or 
chalk and common salt. 

The pure zinc double salt of methyl green is then precipitated 
by adding zinc chloride ; the precipitate being sometimes washed 
•with alcohol to remove any violet present. In commerce this zinc 
double salt is generally met with in the form of brilliant green leaflets. 

The iodide , C 26 H 33 N 3 I 2 , forms green needles easily soluble in 
water [18]. 

The j ^fcr^,C 26 H 33 N 3 [(C 6 H 3 )(N 0 2 ) 30 H] 2 J is insoluble in water, 
sparingly soluble in alcohol. 

The base, C 26 H 35 1N[ 3 0 2 , is obtained by treating the. chlorine or 
iodine compound with silver oxide. It is colourless, and its 
alcoholic solution remains colourless on acidifying, the formation of 
a green salt only taking place on warming. The salts of methyl 
green decompose at 110° to 120°, methyl chloride or iodide splitting- 
off, and leaving a violet residue of hexamethylrosaniline chloride. 

An analogous green is the brom-ethylate obtained by the action 
of ethyl bromide on methyl violet. The composition of the com- 
mercial zinc double salt (ethyl green) is probably 

C 25 H 30 N 3 ClC 2 H 5 BrZnCl 2 . 

An advantage of this ethyl green is that its shade is yellower than 
that of methyl green. Methyl and ethyl greens dye silk directly, 
and cotton prepared with tannic acid. Wool cannot be dyed 
directly, and is either previously mordanted with sulphur by a bath 
of thiosulphate of soda, or dyed in a bath of methyl green made 
alkaline with ammonia. Fibres dyed with these greens become 
violet off heating, and this reaction serves for their identification. 
At present methyl and ethyl green are scarcely ever used, having 
been replaced by the cheaper and stronger benzaldehyde greens. 

The green colour of a compound appears to require the presence 
of an ammonium group, and an amido-group not in combination 
with an acid. Benzaldehyde green, for example, fulfils these con- 
ditions. In methyl violet, an ammojaium group and two methy- 
lated amido-groups are present, and as long as the latter are not 
in combination with an acid the compound is violet. When, 
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however, one of them is saturated by an acid, the colour changes 
to green, but the green salts are unstable, and are decomposed by 
water. Stable green dyestuffs are formed, if the acid is replaced 
by methyl chloride, the same effect being produced by the intro- 
duction of an ethyl group. It appears, therefore, that the neutral- 
isation of the basic properties of the third nitrogenous group has 
the same effect as its entire removal would have. 

Triamidodiplienyltolylcarlhiol [ 12 , 28 ]. 

(Rosaniline, Magenta, Fuciisine.) 

H 2 N \ r TT r/ C 6 H 4 NH 2 
CH3 7 6 3 | n C 6 H 4 NH 3 ' 

OH 

Rosaniline, a homologue of pararosaniline, is formed by oxida- 
tion of equal molecules of orthotoluidine, paratoluidine, and 
aniline. As oxidising agents, stannic chloride, mercuric chloride 
or nitrate, arsenic acid, or nitrobenzene may be used. Mercuric 
nitrate, arsenic acid, and nitrobenzene have been applied on a large 
scale ; but at present the two latter are the only oxidants used 
technically. The arsenic acid process is carried out in a boiler 
fitted with a stirrer, and connected with a cooling- worm. Aniline 
of approximately the above composition (aniline for red) and 
syrupy arsenic acid (containing about 70 per cent, arsenic anhy- 
dride) are introduced; and the mixture is heated to 170°-180°. 
Part of the aniline oil used distils over during the operation, 
which generally lasts 8 to 10 hours. As soon as the melt has 
attained a certain condition, it is allowed to flow out, and after 
cooling is broken up. It is then boiled with water in a closed 
vessel under pressure, the arsenic and arsenious acids being at 
the same time partly neutralised by addition of lime. After 
filtering, the rosaniline hydrochloride is separated from the filtrate 
by addition of salt. It is purified by reerystallisation. Magenta 
prepared by this process generally contains arsenic. In the nitro- 
benzene process, aniline for red is heated with hydrochloric acid, 
nitrobenzene, and iron, the process being carried out in much the 
same manner as above. The iron serves to start the process, by 
forming ferrous chloride, which is oxidised to ferric chloride by 
the nitrobenzene, which latter salt in turn effects the oxidation of 
the aniline. 
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Nitrobenzene appears to take no part in the formation of ros- 
aniline, and simply acts as oxidant, being converted to dyestuffs 
of the induline class. "When nitrobenzene is replaced by chlor- 
nitrobenzene, rosaniline is produced, and not, as might be expected, 
a chloro-derivative. Dyestuffs of the rosaniline scries are formed 
by oxidation of numerous bases in presence of aniline and parato- 
luiaine. Rosenstiehl and Gerber divide the homologues of aniline 
into three classes, according to their behaviour on oxidation with 
arsenic acid. 

Uhe first class includes bases which do not yield a magenta on 
oxidation alone, but do if oxidised in presence of aniline. These 
bodies are paratoluidine, asymmetric a,-metaxylidine, cumidine, 
and amidotetra- and amidopenta-methylbenzene. 

The second class comprises those bases which yield no magenta 
on oxidation with arsenic acid, but do so if oxidised in presence of 
a base of the first class. These bases are aniline, orthotoluidine, 
and y-metaxylidine. The bases of the third class, metatoluidine 
and /3-metaxylidine, do not yield magenta under any conditions. 

In the first class, one methyl group is in the para position to the 
amido-group, while in the second and third classes the para position 
is free. In the second class the groups are in the ortho position, 
and in the third class in the meta position to the amido-group. 
E. and O. Fischers experiments have proved that, in the simplest 
rosaniline, the three amido-groups are in the para position to the 
fundamental carbon atom. The complete analogy of the homo- 
loguous rosanilines with the first having been proved, it can be 
readily understood why the members of the first group, when 
oxidised by themselves or with each other, do not yield rosaniline, 
but do so in presence of aniline. 

In the bases of the second class, the para position is free, and 
one or two ortho positions are occupied. It is clear that these 
bases cannot yield rosanilines unless they are oxidised with a base 
of the first group. Neither can the bases of the first class pro- 
duce magentas, but no reasons yet given can explain why they 
should not be able to produce rosanilines, when oxidised with other 
members of the first class. The experiments of Monnet, Reverdin 
and Noelting and O. Fischer and Koch have, however, confirmed 
this experiment. Noelting has recently extended our knowledge 
of the behaviour of the homologues of aniline in this directin' 
He examined bases in which both the meta and ortho position 
occupied, and found that such bases do not yield magenta ur s 
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conditions, and therefore belong to the third class. Metamethy- 
lated paratoluidines yield magenta on oxidation in presence of 
aniline, whether the ortho position be occupied or not. 

The investigations on this subject are best summarised as 
follows : — All paramethylated anilines, paratoluidine, a-metaxv- 
lidine, a-orthoxylidine, mesidine, pseudocumidine, isocumidiue, 
the cumidine of Noelting and Forel, isoduridine, phrenidine, and 
pentam ethyl amidobenzene yield magentas on oxidation with two 
molecules of aniline, ortho toluidine, or v-metaxylidine, but do not 
if oxidised with para free but methylated anilines as metatoluidiae, 
paraxylidine, v-orthoxylidine, s-metaxylidine, the cumidines of 
Edler and Mayer, and crystallised duridine. 

The commercial dyestuff is the hydrochloride of rosaniline; the 
acetate, how r ever, is also sometimes met with. The free base is 
also prepared for the manufacture of aniline blue. 

Rosaniline-base [ 28 ]. 

C 20 H 21 N 3 O. 

Free rosaniline crystallises in colourless leaflets, which become 
red on exposure to the air. It is sparingly soluble in cold water, 
somewhat more easily in hot water, and still more easily in 
alcohol. It is sparingly soluble in ether. 

Rosaniline is capable of expelling ammonia from a boiling solu- 
tion of ammonium chloride, while in the cold rosaniline is preci- 
pitated from a solution of its salts by ammonia. 

The base is obtained technically by boiling the hydrochloride 
(magenta) with the calculated amount of lime or caustic soda, and 
a large quantity of water. The filtered solution deposits the base 
on eoobng, in form of colourless leaflets which become brownish 
on exposure to air. 

By heating with -water to 235°, rosaniline decomposes, yielding 
phenol, ammonia, a base C 20 H 20 N 2 O 2 , M.P. 176°, and an acid 
CsoH^KOg [25]. At 270° ammonia, phenol, and dioxybenzo- 
phenone HO — C () H 4 COC 6 H 4 — HO are formed [26] . 

The salts [24] of rosaniline, like those of pararosaniline, are 
formed with a simultaneous elimination of water. The monoacid 
salts have an intense red colour; the diacid salts are yellowish- 
brow;n [24]. The salts are. converted into a tertiary diazo- 
compound by the action of nitrous acid [12]. 

Hydrochloride , O 20 H 19 N 3 ,HCl + 4H 2 O, occurs as large octohedra 
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or rhombic tables, which have a green metallic reflex. It is with 
difficulty soluble in cold water, easily in hot water and alcohol. 

Acid salt 3 C 20 H 19 N 3 , (HC1) 3 , forms brownish-yellow needles, 
easily soluble in water, and decomposed by an excess, or at 100°. 

Platinum salt , (C 20 H 20 N 3 C1 2 ) (PtCl 4 ) 3 . 

Hydrobromide , C 2u H 19 N 3 ,HBr, is sparingly soluble. 

Sulphate , (C 20 H 19 N 3 ) 2 H 2 SO 4 , forms brilliant green crystals, 
sparingly soluble in water. 

Acetate , C 20 H 19 N 3 ,C 2 H 4 O 2 , forms large green crystals, easily 
-'-soluble in water. 

Picrate, O 20 H 19 ]Sr 3 ,C 6 H 2 (NO 2 ) 3 OH, forms needles, sparingly 
soluble in water. 

The tannate forms a red precipitate insoluble in water. 

Rosaniline and pararosaniline form colourless unstable com- 
pounds with sulphurous acid and bisulphites. These compounds 
react with aldehydes, forming peculiar dyestuffs (Detection of 
Aldehydes [29]). 

Hoscmilinesubphomc Acid [30]. 

(Magenta S, Acid Magenta.) 

By the action of strong fuming sulphuric acid on magenta at 
120°, a sulphonic acid, probably the disulphonic acid, is formed. 
This acid has an intense red colour, and the solutions of its salts 
are not turned yellow by acids like those of magenta. The neutral 
salts, with the alkalies and metallic oxides, are colourless, the acid 
salts being red. Both are easily soluble in water, and difficult to 
crystallise. From the colour of the acid it is probable that the 
sulpho- and amido-groups are combined to form a salt, while the 
colourless salts contain the carbinol group. 

Rosamlinesul phonic acid dyes wool and silk from an acid bath, 
and findjs extensive application in dyeing. 

Tetrabromrosaniline [31] 

is formed by the action of bromine on rosaniline. It is a colour- 
less base, forming violet salts. 

At present the researches of E. and O. Fischer and others have 
led to some confusion as to the exact composition of the methyl- 
rosanilines examined by Hofmann. If methyl green is hepta- 
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methylpararosaniline, iodine green is not penta- but heptamethyl- 
rosaniline, and the violet formed on heating is hexamethylrosa- 
niline. The analytical results obtained by Hofmann scarcely 
admit of this interpretation. In the present work these bodies 
are described under the older formulae, with the hope that further 
researches may elucidate the matter. 

Trimetliylrosaniline [28], 

C 20 H 18 (CH 3 ) 3 N 3 O. 

r 

Thehydriodide, C 33 H 36 N 3 I,is formed by heating rosaniline with 
methyl iodide and methyl alcohol. It is a violet dyestuff sparingly 
soluble in water. 


Tetramethylrosani Ivn e [28], 

C 2u H ir (CH 3 ) 4 NA 

is obtained by heating iodine green to 120°. The iodide, 
C 24 H 28 N 3 I, forms long bluish-violet needles. . 

Pentamethjlrosaniline [32], (Iodine Gkeen.) 

The iodide , C 20 H 17 (CH 3 ) 4 N 3 I,CH 3 I + H 2 O, is prepared by heat- 
ing rosaniline with methyl iodide and methyl alcohol to 100°. It 
is freed from any violet dyestuff present in the same manner as 
methyl green. 

The iodide forms metallic prisms easily soluble in water. When 
heated to 100°-120° methyl iodide splits off, leaving tetramethyl- 
pararosaniline. 

The zinc double salty Cg 5 H 31 N 3 C3 3 ,ZnC] 2 , forms large green 
crystals. Its solutions are turned yellowish-green by acids. 

The pier ate y C 2S H 20 N 3 C fl H 3 (NO 3 ) 3 Q, forms prisms with a coppery 
reflex, which are insoluble in water and sparingly soluble in alcdhol. 

Before the introduction of methyl green, iodine green was ex- 
tensively used in dyeing. 

Ilemmethylrosaniline [32]* 

Tire iodide, C 20 U 14 (CH 3 ) 6 N 3 I, is formed along with octomethyl- 
leucaniline by heating iodine green with methyl alcohol in a sealed 
tube to 100°. It forms brownish-green needles, insoluble in water 
and sparingly soluble in alcohol. It is a violet dyestuff. 
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TrJetJiylrosaniline [28]. (Hofmann’s Violet.) 
C 20 H 18 (C s H 5 ) 3 N 3 O. 

The iodide, C 26 H 35 N 3 I 2 , is obtained bv heating rosaniline with 
ethyl iodide and alcohol. It forms brilliant green needles, soluble 
in alcohol and sparingly so in water. It was formerly manufac- 
tured on a large scale. 

Tetraethylrosaniline [28]. 

The iodide has the formula C 20 H lG (C 2 H 5 ) 4 N 3 l’. 

Tribenzylrosaniline-metliyliodide , 

C 20 H 16 (C 7 H r ) 3 N 3 CH 3 I ; 

is prepared by treating rosaniline with benzyl chloride, methyl 
iodide, and methyl alcohol. It forms green needles insoluble in 
water [33]. 

Acetylrosaniline [34]/ 

C 20 H 18 (C 2 H 3 O)N 3 , “ 

is formed when rosaniline hydrochloride is heated with acetamide. 
It dissolves in alcohol with a red colour, and forms violet salts. 

Triacetylrosaniline [35], 

C 20 H 16 N 3 (C 2 H 3 O) 3 , 

and Tribenzoylrosaniline [35], 

C 20 H 16 N 3 (C 7 H 6 0) zj 

are obtained by the action of acetyl chloride and benzoyl chloride 
respectively on rosaniline. They are colourless bases forming 
orange jgalts. 

Compounds of rosaniline with aldehydes have been described by 
H. Schiff (Ann. cxl. p. 101). 


The yield of magenta obtained on a large scale by either of the 
processes already described is very poor, and seldom exceeds 33 
per cent, of the weight of the bases employed. A large quantity 
of bye-products is formed, and little is known as to their nature. 
A constant product of the arsenic acid process is a small quantity 
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of chrysaniline. Besides this, various violet and bluish-black pro- 
ducts are formed, some of which are soluble in water, r some in 
alcohol, and others are totally insoluble. Some of these dyestuffs 
dissolve and remain in the mother-liquor of the magenta, but by 
far the greater part occur in the insoluble residue. From the latter 
Girard, Delaire, and Chappotot [36] have isolated three bases, viz. : — 
mauvaniline, C 19 H 17 N 3 , violaniline, Ci 8 H 15 N 3 , and chrysotoluidine, 
C 21 H 21 N 3 . However, sufficient analytical data are not forthcoming 
to support these formulae, and it is doubtful whether the products 
examined were really chemical individuals. Possibly violanilinQ-is 
identical with the simplest induline, and , chrysotoluidine with' 
chrysaniline, especially as dyes of the induline series occur in the 
the magenta-residues (see Indulines). 


Aniline Blue [ 37 ]. 

Aniline reacts with rosaniline at 180° in presence of certain 
organic acids, ammonia being evolved, and phenyl-groups entering 
into the rosaniline molecule. According to the number of phenyl- 
groups introduced, the shade of the compound produced varies 
from violet to pure blue. It is not possible to introduce more than 
three phenyl-groups into the rosaniline molecule. Acetic acid, 
benzoic acid, and stearic acid have been used technically, but at 
present benzoic acid alone is used, as by its aid the best results are 
obtained both as regards yield and shade of blue (greenish). The 
action of organic acids in the blue process has not yet been ex- 
plained. Rosaniline heated with aniline without an organic acid 
does not yield a blue ; a blue is, however, formed from rosaniline 
and paratoluidine. Only a minute quantity of benzoic acid is 
required to effect the formation of blue, but in presence of a 
larger quantity the results are better, and the process "is more 
rapid. At the end of the reaction, benzoic acid remains in the 
melt unaltered, and may be almost entirely recovered by extrac- 
tion with alkali. 

The amount of aniline used in the manufacture of blue is of 
great importance. In presence of a large excess of aniline the 
phenylation is more complete and rapid than when a small quan- 
tity is used. For production^ of pute triphenylrosaniline (green 
shade of blue) a large excess of aniline is used (ten times the 
theoretical amount) along with a correspondingly large amount of 
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benzoic acid. The higher homologues of aniline, especially ortho- 
toluidihe, give redder shades of blue, and it is therefore necessary 
to use an aniline as pure as possible. It is required that commer- 
cial te aniline for blue ” should distil within one degree, and is thus 
almost chemically pure aniline. For the manufacture of a reddish 
shade of blue, smaller quantities of benzoic acid and aniline are 
used, and a less pure aniline-oil is applicable. On a large scale 
aniline blue is prepared approximately as follows : — 

The mixture of the requisite quantities of rosaniline base, ben- 
VatSc acid, and aniline is brought into a vessel fitted with stirrer 
and distilling arrangement, and heated to the boiling-point of the 
aniline. As the blue is contained in the melt in ^ form of the 
colourless base the progress of the reaction cannot be ascertained 
by simple inspection. For this purpose portions are removed from 
time to time, and dissolved in alcohol and acetic acid, the operation 
being interrupted as soon as the test shows that the desired shade 
has been reached. According to the shade of blue required, the 
process may last two to four hours, but if the heating is protracted, 
some of the blue is liable to be destroyed. 

On partly saturating the melt with concentrated hydrochloric 
acid, the hydrochloride of triphenylros aniline separates out almost 
in a state of chemical purity, while impurities remain dissolved 
in the concentrated solution of aniline in aniline hydrochloride. 
This latter is separated and saturated with dilute acid, and the 
precipitate is worked up for inferior blue. This method of purifi- 
cation has completely replaced the older process with alcohol. 

The salts of the lower phenylated rosanilines dissolve easily in 
alcohol, while those of triphenylrosaniline are very sparingly 
soluble. A very large number of marks of blue come into com- 
merce, the shades being influenced firstly by the degree of phenyla- 
tion, and secondly by the number of sulpho-groups introduced for 
the production of soluble blue. Other brands, again, are obtained 
from the lower quality of blue already mentioned. 


i. Monofthenylrosaniline. 

C 20 H 20 N 3 (C 6 H 5 )O. ■ 

The hydrochloride forms brilliant bronzy crystals, soluble in 
alcohol with a reddish- violet colour [39], 
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of chrysaniline. Besides this, various violet and bluish-black pro- 
ducts are formed, some of which are soluble in water,, some in 
alcohol, and others are totally insoluble. Some of these dyestuffs 
dissolve and remain in the mother-liquor of the magenta, but by 
far the greater part occur in the insoluble residue. From the latter 
Girard, Delaire, and Chappotot [36] have isolated three bases, viz. : — 
mauvaniline, C 19 H 17 N 3 , violaniline, C 18 H 15 N 3 , and chrysotoluidine, 
C 21 H 21 N 3 . However, sufficient analytical data are not forthcoming 
to support these formulae, and it is doubtful whether the products 
examined were really chemical individuals. Possibly violanilineds * 
identical with the simplest induline, and .chrysotoluidine with' 
chrysaniline, especially as dyes of the induline series occur in the 
the magenta-residues (see Indulines). 


Aniline Blue [ 37 ]. 

Aniline reacts with rosaniline at 180° in presence of certain 
organic acids, ammonia being evolved, and phenvl-groups entering 
into the rosaniline molecule. According to the number of phenyl- 
groups introduced, the shade of the compound produced varies 
from violet to pure blue. It is not possible to introduce more than 
three phenyl-groups into the rosaniline molecule. Acetic acid, 
benzoic acid, and stearic acid have been used technically, but at 
present benzoic acid alone is used, as by its aid the best results are 
obtained both as regards yield and shade of blue (greenish). The 
action of organic acids in the blue process has not yet been ex- 
plained. Rosaniline heated with aniline -without an organic acid 
does not yield a blue ; a blue is, however, formed from rosaniline 
and paratoluidinc. Only a minute quantity of benzoic acid is 
required to effect the formation of blue, but in presence of a 
larger quantity the results are better, and the process Is more 
rapid. At the end of the reaction, benzoic acid remain/ in the 
melt unaltered, and may be almost entirely recovered by extrac- 
tion with alkali. 

The amount of aniline used in the manufacture of blue is of 
great importance. In presence of a large excess of aniline the 
phenylation is more complete and rapid than when a small quan- 
tity is used. For production^ of pure triphenylrosaniline (green 
shade of blue) a large excess of aniline is used (ten times the 
theoretical amount) along with a correspondingly large amount of 
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benzoic acid. The higher homologues of aniline, especially ortho- 
toluidihe?, give redder shades of blue, and it is therefore necessary 
to use an aniline as pure as possible. It is required that commer- 
cial “ aniline for blue" should distil within one degree, and is thus 
almost chemically pure aniline. For the manufacture of a reddish 
shade of blue, smaller quantities of benzoic acid and aniline are 
used, and a less pure aniline-oil is applicable. On a large scale 
aniline blue is prepared approximately as follows : — 

The mixture of the requisite quantities of rosaniline base, ben- 
^T5ic acid, and aniline is brought into a vessel fitted with stirrer 
and distilling arrangement, and heated to the boiling-point of the 
aniline. As the blue is contained in the melt inform of the 
colourless base the progress of the reaction cannot be ascertained 
by simple inspection. For this purpose portions are removed from 
time to time, and dissolved in alcohol and acetic acid, the operation 
being interrupted as soon as the test shows that the desired shade 
has been reached. According to the shade of blue required, the 
process may last two to four hours, but if the heating is protracted, 
some of the blue is liable to be destroyed. 

On partly saturating the melt with concentrated hydrochloric 
acid, the hydrochloride of triphenylrosaniline separates out almost 
in a state of chemical purity, while impurities remain dissolved 
in the concentrated solution of aniline in aniline hydrochloride. 
This latter is separated and saturated with dilute acid, and the 
precipitate is worked up for inferior blue. This method of purifi- 
cation has completely replaced the older process with alcohol. 

The salts of the lower phenylated rosanilines dissolve easily in 
alcohol, while those of triphenylrosaniline are very sparingly 
soluble. A verv larsre number of marks of blue come into com- 
merce, the shades being influenced firstly by the degree of phenyla- 
tion, apxl secondly by the number of sulpho-groups introduced for 
the production of soluble blue. Other brands, again, are obtained 
from the lower quality of blue already mentioned. 


i. Mono])lienylrosaniline. 

C 20 H 20 N 3 (C 6 H 5 )O. 

The hydrochloride forms brilliant bronzy crystals, soluble in 
alcohol with a reddish- violet colour [39] . 
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ii. Diphenylrosani line. 

C 2( )H 10 N 3 (C 6 H 5 ) s O . 

This base forms bluish-violet salts [28, 38] . 

iii. Triphenylrosaniline. (Aniline Blue.) 

C 20 H 18 N 3 (C c H 5 ) 3 O. 

The free base is colourless and easily soluble in alcohol [28, 
37,38]. . J.< 

The hydrochloride, C 20 H 17 N 3 (C 6 H 5 ) 3 HC1, is the technical product 
obtained first in the fractional precipitation of the blue melt with 
hydrochloric acid. In this state it forms brilliant green crystals, 
insoluble in water and sparingly soluble in hot alcohol. Aniline 
dissolves it somewhat more easily. The alcoholic solution has a pure 
blue colour. Some of this product is used as “ spirit-blue,” but 
by far the greater quantity is used for the manufacture of soluble 
blues. Triphenylrosaniline salts dissolve in sulphuric acid with a 
brown colour. 

The sulphate (C 20 H 16 N 3 (C 0 H 5 ) 3 IT 3 SO 4 ) is almost insoluble in 
alcohol. 


iv. Sulphonic Acids of Triphenylrosaniline . 

The difficulties encountered in the sulphonation of rosaniline 
are altogether absent in that of the phenylated rosanilines. A 
monosulphonic acid is formed by the action of concentrated sul- 
phuric acid at a comparatively low temperature, while by a more 
energetic sulphonation two, three, and even four sulpho-groups 
may be introduced into the molecule. 

From the foregoing it appears probable that the sulpho-groups 
enter the phenyl groups and not the rosaniline nucleus. 

The sulphonic acids are all amorphous, and possess a bin# colour. 
The salts of the acids arc, on the contrary, colourless and probably 
carbinol derivatives. 


Monosulphonic Acid . 
c 38 h 30 n 8 so 3 h. 

This is the first product pi the action of sulphuric acid on 
aniline blue. The free acid is obtained as a blue amorphous 
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precipitate, which is insoluble in water. The salts are colourless or 
nearly so,, are easily soluble in water, and cannot be crystallised. 
The sodium salt forms the “ alkali blue ” of commerce. 

This salt, unlike those of other sulphonic acids, may be fixed 
on wool and silk from a slightly alkaline bath. It is probable that 
the basic groups of rosaniline effect this fixation. The shade ob- 
tained is not strong, but on development with dilute acid, whereby 
the free sulphonic acid is liberated, a good blue shade is obtained. 
Alkali blue finds its principal application in wool-dyeing. 


Disulphonic Acid , 

C 38 H 29 N 3 (S0 3 H) 3 , 

is a product of the further action of sulphuric acid on the above 
acid. It is soluble in pure water, but insoluble in dilute sulphuric 
acid, and may therefore be precipitated from the sulphuric-acid 
solution by water. 

It forms two series of salts with bases — acid salts, which have a 
coppery reflex, and neutral salts, which are colourless. The acid 
sodium salt is a commercial product, and is known as “ water blue 
for silk.” 


Tri- and Tetra-sulphonic Acids. 

These bodies result by continued action of sulphuric acid at a 
higher temperature. 

They are not precipitated from an acid solution by water, and 
thus differ from the disulphonic acid. In order to isolate them, 
the sulphuric-acid solution is neutralised with chalk, and the pre- 
cipitated calcium sulphate filtered off. The solution of lime-salt 
is then converted into sodium-salt. 

The dyestuff known as soluble blue for cotton 39 is probably a 
mixture of both acids, or rather of their acid sodium-salts. 

All the soluble blues ” are dyed on wool and silk from a 
bath containing sulphuric acid. Cotton is previously mordanted 
with alum and soap, or with tannin and tartar emetic. 

Another blue is obtained by the action of aniline and benzoic acid 
on pararosaniline. This product is valued for the pure greenish 
shade which it produces, and it has recently found extensive appli- 
cation, and appears to have almost displaced diphenylamine blue. 
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Homologues of aniline bine have been prepared by the action ‘ 
of toluidines on rosaniline. They possess a dull reddish shade. 

Naphthylrosanilines are formed by action of the naphthylamines 
on rosaniline, but, like the above, possess no technical interest. 

Diphenylamine Blue . 

Girard and Delaire (Jahresber. 1867, p. 695). 

Dyestuffs of a very pure blue shade are formed by the action of^ . 
oxalic acid or of hexaehloride of carbon (CoCl 6 ) on diphenylamme. 

On a large scale diphenyiamine blue is prepared by heating 
diphenylamine with oxalic acid to 110°-120°. The dyestuff 
formed, which amounts to only 10 per cent, of the diphenylamine 
employed, is purified by repeated treatment with alcohol. It comes 
into commerce in the form of its higher sulphonic acids (soluble 
blue), and finds its principal application in silk- and cotton-dyeing. 

Similar dyestuffs, probably identical with diphenylamine blue, 
are formed by treating methyldiphenylamine with oxidising agents, 
as, for example, with chloranil [15] t 

A dyestuff named Bleu de Mulhouse was prepared by Gros- 
Renaud and Schaeffer by the action of alkaline shellac solution on 
rosaniline. 

Persoz, Deluyne, and Calvetet obtained (1861) a soluble blue dye- 
stuff by the action of anhydrous stannic chloride on aniline (pure ?) . 
The composition of this compound is not known, neither has it 
been applied in practice [41] . 

Aldehyde Green [ 43 , 70 , 71 ]. 

On treating rosaniline with aldehyde and sulphuric acid, a blue 
dyestuff is formed, which, on treatment with sodium thiosulphate 
in acid solution, yields aldehyde green. For its preparation, a 
mixture of rosaniline, aldehyde, and sulphuric acid is heated, till 
the product produces a blue-violet solution with water. It is then 
poured into a very dilute solution of sodium thiosulphate. Sulphur 
and a grey compound separate, while the green remains dissolved. 

It may be precipitated by addition of zinc chloride or acetate of 
soda ; in one case a zinc double salt, and in the other a free base, 
is obtained. 

The chemistry of the reactions taking place in the preparation 
of aldehyde green has been studied in detail with pararosaniline. 
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I f* e , firs * ’ sta ? es L of tte reaction a blue dyestuff, the so-called 
aldehyde blue, is formed, along with a green dyestuff. 

line hlS MUe haS the C ° mposition of an anhydro-aldol-pararosani- 

/ C 6 H 4 — N=CH— CH,— CHOH — ch 3 
-CHOH-CH3 


OH-C-C 6 H 4 - N=Cft - CH 


c 6 h 4 -n=ch-ch 2 -choh~ch 3 


and is incapable of yielding the green on treatment with a thio- 
sulphate. . The green dyestuff formed at the same time is a quin- 
..aldine derivative of the above dyestuff, and has the constitution 


CH=CH 


/ 

nw n /°6 H 4- N=d-CH 3 
0H C xC 6 H 4 - N— CH— CH 2 — CHOPI— CH 3 
C e H 4 - N=CH — CH 3 — CHOH — CH 3 . 

The thiosulphate employed in the reaction enacts two functions. 
It separates the above blue dyestuff, and at the same time converts 
the green dyestuff into a new compound, containing sulphur, which 
us faster to light and dyes a better shade than the original green 
Two processes were originally in vogue for the production of alde- 
hyde green. The process of Lucius consists in treating the mix- 
ture obtained by the action of aldehyde and sulphuric acidonrosa- 
nihne with sulphuretted hydrogen and then with sulphurous acid, 
while m that of Usebe the agent employed is a thiosulphate. The 
green dyestuffs obtained in these processes are both derived from 
the above green, but differ in composition. ' The green obtained in 
Lucius s process contains two atoms of sulphur, while that of 
Usebe only contains one. Their constitutions are expressed by the 
following formulae : — ' 


CH = CH 
/ I 

/C 6 H 4 -N=CH 

c. / 

C-OH 

1 n C 6 H 4 -NH-CH 


CH, 


'CH 2 -CHOH-CH 3 


\ 1 

C„H 4 — NH — CH — CHj— CHOH — C II S 


Lucius’s Green. 
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CH = CH 
/C 6 H 4 -N=c-CH 3 

C'-OH 

\ x C 6 H 4 — N— CH — CH 3 — CHOH— CH 3 

\ > 

^C 6 H 4 -N-CH-CH 3 -CHOH-CH 3 
TJsebe’s Green. 

Of course, the products obtained from rosaniline contain one 
methyl-group more than is expressed in the above formulae : its 
position can only be a matter o£ speculation. 

Aldehyde green is a basic dyestuff, and was largely used before 
the introduction of iodine green. The zinc double salt came into 
commerce as a paste, or the green was prepared by the consumers. 
The tannate, obtained by precipitating the solution with tannic 
acid, was used in printings being used with acetic acid and fixed 
by steaming. 

Diphenylnaphthyhiethane Dyestuffs [ 1 ]. 

Certain derivatives of diphenylnaphthylmethane similar to the 
diphenylmethane derivatives already described are in use as dye- 
stuffs. 

Compounds of this class are obtained by the action of substi- 
tuted naphthylamines on tetramethyldiamidobenzophenone in pre- 
sence of dehydrating agents. In place of the latter compound its 
chloride or the corresponding benzhydrol may be used. 

Victoria Blue B is the product of the action of phenyl-a-naph- 
thylamine on tetramethyldiamidobenzophenone in presence of 
phosphorus oxychloride. The reaction is expressed by the follow- 
ing equation : — - 

H 

(CH 3 ) 2 NC e H 4 COC 6 H 4 N(CH 3 ) 2 +C 10 H 7 NC 6 H 5 =C 33 H 32 N 3 + H 2 0. 

The constitution of the dyestuff is represented by the formula 

(CH 3 ) 2 — N — C 6 H 4 \p /C 10 H 6 — NHC 6 H 5 ■ 

(CH 8 ) 2 -N-C 6 H/K NCI • 

Victoria Blue 4 R . — This dyestuff is obtained by a similar 
process with methylphenyl-a-naphthylamine. Its constitution is 
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expressed by one of the folio-wing formulae, the second being the 
more probable, as it differs greatly in shade from Victoria Blue B. 


I. 


(CH 3 ) 3 


-N-C 6 H 4x 


(CH 3 ) 3 -N-C 6 H. 


/C 6 h 5 
C— C 10 H e N_CH s 
I NCI 



Night Blue is obtained from paratolyl-«-naphthylamine 
( P-C 7 H 7 NHCi 0 H 7 ) and tetramethyldiamidobenzophenone. These 
dyestuffs come into commerce as hydrochlorides. ' They are 
beautiful blue dyestuffs, easily soluble, and dye cotton prepared 
with tannic acid similarly to methylene blue, but unfortunately 
the shades produced are not very fast to light. In general their 
reactions resemble those of the rosaniline dyestuffs. Alkalies 
precipitate a reddish-brown base, and acids turn the blue colour 
to yellow. 

Victoria blue B base cannot be crystallised. In a pure state it 
forms a brick-red powder; M.P. 95°. 

Victoria blue 4 It base has also not been obtained in a crystal- 
lised state. It resembles the above in appearance, and melts at 77° 


B. ROSOLIC ACID DYESTUFFS. 

These dyestuffs are closely related to those obtained from ros- 
aniline, and may be regarded as rosanilines in which the nitrogen 
is replaced by a group containing oxygen. 

The actual dyestuffs, like rosaniline salts, are anhydrides of a 
carbinol. For example, aurin, C 19 H 14 0 3 , is the anhydride of an 
unknown £arbinol, trioxytriphenylcarbinpl : — 



HO 


The compounds of these series have an acid character, and in 
the free state are yellow, while the salts dissolve in water with a 
red colour. They cannot be fixed on textile fibres, and are con- 
sequently almost useless in dyeing. Some of the colour-lakes 
aie used in paper manufacture and for colouring tapestry. 
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Aurin, Pararosolic Acid [12]. 

(H0-C c H 4 ) 2 =C~C 6 H 4 0. 

i i 

Aurin is prepared by heating phenol with oxalic acid and 
sulphuric acid : 6 parts of phenol, 3 parts sulphuric acid, and 
4 parts of dried oxalic acid are heated for about twenty-four hours 
to 120°-130°. 

The melt is extracted with water, and the residue dissolved in 
hot alcohol, and ammonia gas passed into the solution. The 
precipitate which forms is boiled with acetic acid or hydrochloric 
acid [44/48, 49]. Aurin is also formed by condensation of 
phenol with formic acid and zinc chloride [45], by boiling the 
diazo-compound from pararosaniline with water [12], by heating 
dioxybenzophenone chloride with phenol [46], and by action of 
salicylic aldehyde on phenol in presence of concentrated sulphuric 
acid [47]. 

Aurin forms dark red rhombic crystals or red needles with 
a green metallic reflex. It decomposes without melting. It 
dissolves in alcohol and glacial acetic acid with a yellowish-red 
colour, and in alkalies with a magenta-red colour. It forms 
soluble double compounds with bisulphites of the alkalies. 

KHSO 3 ,C 10 H 14 O 3 forms colourless leaflets, immediately decom- 
posed by acids. Aurin further forms a very unstable compound 
with hydrochloric acid. Reducing agents convert aurin to 
leucaurin (C 10 H 1(J O 3 ) (trioxytriphenylmethane), On heating with 
aqueous ammonia to 120° it yields pararosaniline [13] . 

It is decomposed by heating with water, phenol and dioxy- 
benzophenone being produced. 

For bye-products of aurin manufacture see the original 
article [49], . 


Posolic Acid. 




ohc 6 h 4 s 

oh Nr „ >c— c 6 h 4 : 

CH / CeH3 \/ 


This body is formed on boiling the hexazo-compound of rosa- 
nfline (C^H^Ng) with water [50], and may be obtained by 
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heating a mixture of phenol and cresol with arsenic acid and 
sulphuric acid [49] . 

The rosolic acid described by Eunge (1834) as obtained from 
the residue of crude phenol distillation is probably identical with 
the body at present under consideration. 

. Eosolic acid forms infusible lustrous green crystals. It is 
almost insoluble in water, but dissolves easily in alcohol and 
acetic acid with an orange-red colour. Its alkaline solutions are 
red. It gives colourless double compounds with bisulphites, and 
iiT^its general behaviour closely resembles aurin. On reduc- 
tion, leucorosolic acid (trioxydi phenyl tolylm ethane), C 20 H 18 O 3 , is 
formed. Dioxyphenyltolylketon and phenol are products of its 
decomposition with water [31]*. 

Two other products obtained from aurin have also been used 
to some extent in practice. 

Eed coralline [52] or Peonine is obtained by heating crude 
aurin with ammonia under pressure, and is probably intermediate 
in composition between aurin and pararosaniline. Azulia is 
obtained by action of aniline on aurin, and is probably an aurin 
containing aniline groups [53]. This blue dyestuff was largely 
used before the introduction of aniline blue. 

Pittacal (. Eupittonic Acid). 

The formation of this dyestuff was first observed by Eeichen- 
bach in 1835. He obtained it by treating certain fractions of 
beech- tar creosote with baryta- water in presence of air [54] . 

The formation of similar blue products has also been noticed by 
Graetzel, and the subject has been investigated by Liebermann and 
by A. W. Hofmann. 

Xiieb,ermann gave to his product the name Eupitton or Eupittonic 
acid, but i^is not certain that this body is identical with Eeichen- 
bach's Pittacal [55]. The constitution and method of formation 
of this body were determined by Hofmann [56]. 

Eupittonic Acid \ Hexamethoxylaurin [ 55 ]. 

C 19 H 8 (0CH 3 ) 6 0 3 . 

This compound is obtained by action of carbon hexachloride on 
an alkaline solution of two molecules of pyrogalloldimethyl ether 
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and one molecule of methylpyrogalloldimethyl ether at 160°-170°. 
It is also formed by action of air on an alkaline solution of both 
ethers [56]. 

Eupittonic acid forms orange-yellow needles, insoluble in water 
and soluble in alcohol and ether. It is a dibasic acid and 
forms salts which have a blue colour in solution. They may be 
precipitated by an excess of alkali. The salts of the heavy metals 
are sparingly soluble blue lakes. Like aurin, eupittonic acid 
gives unstable compounds with acids. 

Dimethyl ether [56], C 25 H 24 0 9 (CIT 3 ) 2 , is formed by action. 'of 
methyl iodide on the sodium salt. It forms golden-yellow needles. 
M.P. 242* 

Diethyl ether [56], C 25 H 24 0 9 (C 2 H 5 ) 2 . M.P. 202°. 

Diacetate [56], C 2r> H 24 O 0 (C 2 H 3 O) 2 , yellow needles. M.P. 265°. 

An analogous compound to eupittonic acid is obtained by oxi- 
dation of pyrogalloldimethyl ether with methylpyrogalloldimethyl 
ether — Tertraoxyethyldioxymethylaurin [56] , 

C 19 H 8 (0CH 3 ) 2 (0C 2 H 5 ) 4 0 3 . 

This compound forms brick-red needles, soluble in ether. 

Hexamethoxylpararosaniline [2 5], 
c 25 H 31 N 3 o r = C 1Q H 13 (OCH s ) g N 3 0, 

is obtained by heating eupittonic acid with aqueous ammonia 
under pressure to 160°-170° f The formation of this body is 
analogous to that of par aros aniline from aurin. The base forms 
hair-like colourless needles, which rapidly become blue on 
exposure to the air. It is decomposed on heating with water, 
eupittonic acid being regenerated, while ammonia splits off. 

The monoacid salts of this base are blue and the triacid yellow* 
The dyestuffs of this class are not of any technical value. " 

Aurmtricarbonic Acid ( Chrome- Y iolet) [73]. 

/C 6 H 3 (OH)COOH 
OH— C-C 6 H 8 (OH) COOH 
n C 6 H 3 (OH)COOH 

This compound is obtained by oxidation of salicylic acid and 
methyl alcohol in concentrated sulphuric acid solution with sodium 
nitrite. It forms a red powder with greenish reflex, and produces 
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bright shades on metallic mordants. The chromium lake is fast 
to soap. Por the methyl alcohol may be substituted formaldehyde 
or methylal, and homologous derivatives may be obtained by 
replacing the whole or molecular portions of the salicylic acid by 
/3-cresotic acid. 


Dyestuffs from Benzotrichloride and Phenols. 


Benzotrichloride, according to Doebner [5 7], acts on phenols 
similar manner to dimethylaniline. The dyestuffs formed 
are related to rosolic acid in their constitution ; they are deriva- 
tives of triphenylmethane and contain an oxygen atom linked to 
the methane-carbon atom and one benzene ring. Throughout, 
however, they contain one intact phenyl ring, the other two 
containing oxygen. The simplest member of the class is formed by 
interaction of two molecules of phenol and one molecule of benzo- 
trichloride, and is called Benzaurin. Benzaurin stands in the 
same relation to dioxytriphenylmethane as aurin does to trioxytri- 
phenylmethane. Its constitution is accordingly the following : — 


C 6 H 6 


p/ c 6 h 4 ho. 

7 n c 6 h 4 — o 
I i 


Benzaurin forms hard lustrous crusts. It is insoluble in water, 
soluble in alcohol, ether, and glacial acetic acid, with a yellow 
colour. It dissolves in alkalies with a violet colour, and is pre- 
cipitated from its alkaline solution by acids. It forms soluble 
double compounds with bisulphites. 

Benzaurin dyes wool and silk yellow from an acid bath. It 
yields dioxytriphenylmethane on reduction. This compound 
crystallises from alcohol in yellowish needles. 

Resorqanbenzein, C 19 H 14 0 4 , is an analogous body obtained by 
action o£ benzotrichloride on resorcin. With bromine it gives a 
tetrabrom-compound, which dyes silk a shade similar to that 
produced by eosine. 

Basic derivatives of the above bodies have been recently de- 
scribed by Heumann and Rey [74] . 

These bodies, called Rosamines, are obtained by action of benzo- 
trichloride on mono- or dialkyl derivatives of metamidophenol. 
The new bodies are beautiful red to violet dyestuffs. 

One of the simplest members of the series — tetramethylrosa- 
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mine — is prepared by heating one molecule benzotrichloride with 
two molecules dimethylmetamidophenol in benzene solution, or 
mixed with sand, to about 60°. 

The hydrochloride forms needles with a steely-blue reflex, and 
dissolves easily in water with a beautiful bluish-red colour ; the 
solution exhibits a bright yellowish-red fluorescence. Its consti- 
tution is expressed by the formula — 

(C 6 H 5 

p J C 6 H 3 N(CH 3 ) 2 

1 >° 

IC 8 H 3 (CH 3 ) 2 C1 

Tetramethylrosamine dyes wool and silk in an acid bath, pro- 
ducing shades from pink to dark bluish red. 

The oxalate forms dark green needles and the nitrate steel-blue 
needles. 

By heating oxalic acid with resorcin and sulphuric acid, Baeyer 
obtained a yellow dyestuff, which is probably Euxanthone [58] . 
According to Claus and Andrese [59] it possesses the formula 
C 13 H 8 0 4 , while Gukassianz obtained two bodies in the same 
reaction, to both of which he ascribes the formula C 14 H 8 0 5 [60]. 
Kosicki [61] obtained a dyestuflf by heating resorcin with 
isosuccinic acid and sulphuric acid. This body, Resorcin-isosuc- 
cine'in, has the same composition as Brasilexn, C 16 H 14 0 5 , and is 
similar in its properties. 


C. PHTH ALE INS [62]. 

The phthaleins are derivatives of triphenylmethane, and form a 
group of dyestuffs which are sharply defined from the xosaniline 
and rosolic acid derivatives already described. In the latter the 
chromophorous groups are in para positions, while in the former 
two adjacent positions are taken up. 

The chromophor of the phthaleins is the lacton ring : — 
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winch occupies two adjacent positions in one benzene ring, one 
carbon atom being linked to another benzene ring. 

With respect to the colour-giving group, there is a certain 
analogy between these dyestuffs and those of the Indigo series, 
these latter being characterised by the lactam or lactim ring : — 

C— CO C— COH 

/ ' or 

— NH — N 


The phthaleins are all derivatives of phthalophenone, the inner 
anhydride of triphenylcarbinolcarbonic acid : 


C 6 H 5Xp/ OH 

C 6 H 5 / u \C 6 H 4 COOH 

Triphenylcarbinolcarbonic acid. 


C 6 H 5Xp 

c 6 h/°\c 6 h 4 / 


CO 


Phthalophenone. 


This acid is not capable of existing in a free state, but may be 
obtained in form of its salts. The relationship between phthalo- 
phenone and triphenylmethane is easily determined. By treatment 
with alkalies it yields triphenylcarbinolcarbonic acid, and this may 
be converted to triphenylmethanecarbonic acid by reduction with 
zinc powder. On heating this latter compound, carbon dioxide 
splits off, forming triphenylmethane. 

Phthalophenone is not a dyestuff, the tinctorial character only 
becoming apparent on introduction of hydroxyl groups into both 
phenyl groups. 

The phthaleins (hydroxylated phthalophenones) are almost ex- 
clusively obtained by action of phenols on phthalic anhydride. 

The position of the hydroxyl groups with reference to the 
methane carbon atom has considerable influence on the character 
x>£ the djestuff produced. With simple phenols, as, for example, 
in the formation of phenolphthalein, the hydroxyl group is in the 
para position to the carbon atom. 

* Compounds of this class are mostly of little character as dye- 
stuffs. They are colourless and only form coloured salts. Beal 
dyestuffs are only obtained from phenols which contain two 
hydroxyl groups in the meta position, such as resorcin and pyro- 
gallol. Probably here also the condensation takes place in a 
para position to one hydroxyl group, and is therefore ortho to the 
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other. The condensation is generally attended by the formation 
of an anhydride between two hydroxyl groups. 

The phthaleins, with exception of rhodamine, are acid dye- 
stuffs. 

The chromophor of the phthaleins is of a strong acid character, 
and thus intensifies the acidity of the hydroxyl groups, and this 
effect may be considerably increased by introduction of halogens 
or nitro-groups into the benzene rings. The halogens exert con- 
siderable influence on the shade of the dyestuffs. 

The coloured phthaleins are converted into colourless phthalin<" 
on reduction, these latter bodies being the corresponding deri- 
vatives of triphenylmethanecarbonic acid. 


c 6 h 5Xc 

C 6 H 5 / L 


/0\ 

MW 


co+h* = 


C 6 H 6Xr/ H 

C 6 H/^\C 6 H 4 COOH. 


On treating with energetic dehydrating agents, most phthaleins 
are converted into anthraquinone derivatives, one molecule of 
phenol being split off during the reaction [62] . 

The phthaleins are very numerous, and only those of value 
from a technical or theoretical point of view are considered 
here. 


Phenolphthalem [62]. Dioccyphtholophenone 5 


(OHC 6 H 4 ) 2 =C— O x 

I CO. 


C c H 4 / 


This body is obtained by action of phenol on phthalic anhy- 
dride in presence of strong sulphuric acid. The free phthalein 
forms colourless crystals, melting at about 250°; it dissolves in 
alkalies with a red colour, and is precipitated by acids as a white 
precipitate. The alkaline solution is decolorised by excess of alkali. 
On melting with caustic potash, it yields benzoic acid and dioxy- 
benzophenone. On account of the change in colour occasioned by 
free alkalies (not carbonate or ammonia), phen olphthalcin is useful 
as an indicator in titration. 
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Fluorescein [ 62 , 63 ]. 

HO— C 6 H 3 

0< >CO\ 

H0 -°* H > 4h>0 

(Inner anhydride of resorcinphthalem.) 

Fluorescein is obtained by heating an intimate mixture o£ two 
. molecules resorcin with one molecule phthalic anhydride to 190°- 
'200°. The materials used in the manufacture should be as pure 
as possible, as impure fluorescein is difficult to purify. In the pure 
state it forms dark yellow crystals, sparingly soluble in alcohol, 
more easily in glacial acetic acid. It is almost entirely insoluble 
in water, but dissolves in alkalies, forming a yellowish-red solution, 
which, when dilute, exhibits a bright green fluorescence. Acids 
precipitate it from the alkaline solution as a yellow powder. 

Corresponding chlorofluoresceins are obtained by action of di- 
and tetra-chlorophthalic anhydride on resorcin. These com- 
pounds are entirely different from those formed by direct chlori- 
nation of fluorescein. In these the chlorine (bromine, or iodine) 
always enters the resorcin-rest. The fluoresceins from the 
chlorinated phthalic acids serve as starting-points for a series of 
very brilliant phthalein dyestuffs, which were first introduced into 
the colour-industry by E. Noelting. 

The chlorinated fluoresceins have a somewhat redder shade 
than the corresponding fluoresceins which contain no chlorine. 


JEosin. 

On treating fluorescein with bromine, substitution of the 
hydrogen atoms in the resorcin-rests takes place. The final 
result £s that four hydrogen atoms of the fluorescein are replaced 
by bromine, the product being tetrabromfluorescei'n, C 2 oH 8 0 5 Br 4 
[63]. 

The latter, and also the lower brominated products are beau- 
tiful red dyestuffs, the shade being yellower with less, and bluer 
with more, bromine. Pure tetrabromfluorescei'n [63] crystallises 
from alcohol in yellowish-red crystals, containing alcohol. It is 
almost insoluble in water, but forms easily soluble salts with 
alkalies, which exhibit a beautiful green fluorescence in solution. 
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From the alkaline solution, acids precipitate the colour-acid 
as a yellowish-red precipitate. The salts are only incompletely 
decomposed by acetic acid. 

The lead, zinc, alumina, &c., salts are finely coloured insoluble 
lakes. 

Tetrabromfluorescei'n and the lower brominated products come 
into commerce as sodium or potassium salts, and form the various 
brands of soluble eosins. 

On wool and silk they are dyed from a slightly acid bath and 
produce brilliant shades of red. Those on silk are noteworthy foT 
their peculiar yellowish-red fluorescence. 

Two of thqfour bromine atoms are contained in each resorcin 
group, and on melting with potash eosin splits up into phthalic 
acid and dibromresorcin [64]. The bromine may be removed 
by nascent hydrogen; on reduction with sodium amalgam colour- 
less fluorescin, C 2 oH u O r> , is formed, and yields fluorescein on 
oxidation. Various methods have been proposed for thebromina- 
tion of fluorescein on a large scale. For example, an alkaline 
fluorescein solution is mixed with the calculated amount of 
bromine dissolved in alkali, and on adding acid the fluorescein 
and bromine are liberated simultaneously and combination is thus 
effected. This process does not, however, appear to be successful, 
and at present bromination is carried out in alcoholic solution. 
Fluorescein in a finely divided state is suspended in alcohol, and 
the requisite amount of bromine added, the mixture being care- 
fully cooled. The hydrobromie acid developed during the 
reaction is utilised by addition of potassium chlorate, which again 
liberates the bromine. In this manner a saving of bromine is 
effected, and only four atoms are necessary, while under ordinary 
conditions eight atoms are required, four being lost as hydro- 
bromie acid. 

Ethers of Eosins [ 63 ]. 

By treating the potassium salt of eosin with methyl iodide or 
chloride, or with ethyl bromide, monomethyl- and monoethyl- 
ethers of eosin may be obtained, and these even surpass the eosins 
in brilliancy of shade, tlieir tone being in general somewhat bluer. 

They are monobasic acids, as one unaltered hydroxyl group is 
present. The salts are insoluble in water and absolute alcohol, 
but dissolve with tolerable ease in alcohol of 50 per cent. The 
solutions show a magnificent fluorescence. 
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The potassium salt of monoethyltetrabromfluoresce'in, 

P H O 

Ly 20 n 6 u 5 <^jg- , 

forms large ruby-red crystals with, a fine green reflex. 

The ethyl ether, in form of its sodium or potassium salt, is 
extensively used in silk-dyeing as spirit eosin or f<r primerose k 
Falcool/ 7 For use, the commercial product is dissolved in 
spirit and gradually ^added to the dye-bath, which is acidified with 
acetic acid. 

Colourless ethers of eosin also exist, and may be prepared by 
heating the silver salt of eosin with alcoholic iodides [63] . 


Iodine Derivatives^ of Fluorescein . 

The commercial products known as “ erythrosin ” are iodine 
derivatives of fluorescein corresponding to eosins. The alkali- 
salts, which are the commercial products, are soluble in water, and 
possess a much bluer tone than the corresponding eosins, and 
their solutions do not exhibit the fluorescence characteristic of 
the latter bodies. 

The commercial brands of erythrosin are of various marks, 
according to the amount of iodine they contain. On cotton they 
may be fixed in form of an insoluble alumina lake, and on this 
account are used somewhat extensively in cotton-dyeing, and also 
to a certain extent in colouring paper. 


Binitrodibromfluorescein. 

C 29 H 8 Br 2 (N0 2 )A [62]. 

This tlyestuff is formed by bromination of dinitrofluorescei'n or 
by nitfeion of di- or tetrabromfluoresceih. On a large scale it 
is prepared by treating dibromfiuorescein with nitric acid in 
alcoholic solution. Pure dinitrodibromfluorescei'n forms yellow 
needles, sparingly soluble in alcohol and acetic acid. It is a 
strong dibasic acid, and forms easily soluble salts with alkalies. 
The solutions of its salts are yellow if concentrated, red if dilute, 
and do not fluoresce. 

The sodium salt is known in commerce as Eosin Scarlet, 
Safrosin, or Lutecienne. 
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It produces a beautiful bluisli-red shade on wool, and may be 
used in conjunction with yellow dyestuffs, giving fin$ scarlet 
tones. Its application in wool-dyeing has fallen off considerably 
since the introduction of the red azo-dyes. 

Tetrabromdichlorfluorescein . 

C 20 H 6 Cl 2 BrA. 


Tetmbromtetraclilorjfluorescein . 

C 20 H,Cl 4 BrA. 

These bodies are prepared in a similar manner to the eosines, 
by brominatfon of the di- and tetra-chlorfiuorescein. The soluble 
alkali-salts of these acids are brought into commerce as the various 
brands of Phloxin. t ^ 

Their ethyl ethers, which, like those of eosin, are soluble in 
dilute alcohol, are known commercially as Cyanosin. Iodine 
derivatives of di- and tetra-chlorfluorescein form the principal 
constituents of the dyestuff known as Rose Bengal. 

The fluorescein derivatives containing chlorine are much bluer 
in shade than the corresponding derivatives of ordinary fluorescein. 
Their principal application is in silk-dyeing. Rose Bengal pre- 
pared from tetrachloFphthalic acid is the bluest of these dyestuffs, 
while Phloxin from dichlorphthalic acid is the yellowest. 

Here again the shade may be varied at will by introduction of 
more or less iodine or bromine. 

Bhodamine [ 75 ], 

The phthaleins of metamidophenol and its derivatives have been 
introduced into commerce under the above name. These dye- 
stuffs are characterised by the brilliancy of the shades which they 
are capable of producing, in fact excelling in beauty all oCher red 
dyestuffs. 

Commercial rhodamine consists principally of the phthalei'n of 
diethylmetamidophenol. The condensation of metamidophenol 
(and its derivatives) with phthalic anhydride only takes place in 
presence of strong sulphuric acid. 

Rhodamines may also be prepared by action of dimethyl- or 
diethylamine on the chloride formed on treating fluorescein with 
phosphorus oxychloride. 
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The constitution of the simplest rhodamine is probably 
analogous to that of fluorescein, and is expressed by the 
formula : — 


H s NC e H 8 
0 < 


c 6 H 4 

. >0/ \co. 

H,NO,H, \o X 


Unlike the ordinary phthalei'ns, rhodamine possesses basic and 
acid properties. It forms soluble salts, from which the base is 
not separated by alkalies. The solutions are turned yellow by an 
'excess of mineral acid. 

The shade of rhodamine is a magnificent red, and exhibits on 
silk a hitherto unrivalled fluorescence. 

More recently the condensation-product of succinic acid and 
dimethylmetamidophenol has been prepared on a large scale and 
sold as .Rhodamine S. It is especially adapted for cotton- dyeing. 


Pyronines [ 76 ]. 

The Pyronines are a series of red basic dyestuffs of comparatively 
recent introduction. They are derivatives of diphenylmethane, 
and resemble the rhodamines in shade, A typical pyronine may be 
prepared as follows : — Dimethylmetamidophenol is condensed 
with formaldehyde, and the resulting dioxytetramethyldiamido- 
diphenylmethane is treated with strong sulphuric acid, whereby 
one molecule of water is split off, and a leuco-base, tetramethyl- 
diamidodiphenylmethane-oxide, is formed, according to the equa- 
tion : — 


ch 2 < 


/N(CH 3 ) 2 

CeH 3 \OH 

/OH 

»\N(CH,), 


C fi H : 


= h 2 o + ch 2 < 


C e H 3 — N(CH 3 ) 3 

>0 

C b H 3 — N(CH 3 ) 3 . 


From tSis the dyestuff is obtained by ox idation. 

It has the formula : — 


C 6 H 3 -N(CH 3 ) 2 


CH< >0 
I C 6 H 3 — N(CH 3 ) 3 C1. 


-v* * 


Pyronine B is the corresponding ethyl derivanve. 

The pyronines yield brilliant *bluish-red shades on cotton 
mordanted with tannic acid. 
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Gallein and Gcerulein [ 65 ]. 

Gallein . — The first product of the interaction of phthalic 
anhydride and pyrogallol is a phthalein anhydride analogous to 
fluorescein, which, however, undergoes further oxidation by the 
air, two hydroxyl groups being converted to quinone groups. The 
gallein thus formed possesses the formula — 

HO x 

o — — c 6 h 3 c 6 h 4 

°/ >< >co. 

O C 6 H S a 

HO' 

It differs from fluorescein in containing two quinone oxygen 
atoms in combination with two benzene rings. 

Gallein is generally prepared by heating phthalic anhydride 
with gallic acid to 200°. The latter is converted into pyrogallol 
at this temperature, carbonic acid being split off. 

In the pure state gallein forms brilliant green crystals or a 
brownish-red powder, easily soluble in alcohol with a dark red 
colour, and difficultly soluble in ether. 

The salts with the alkalies, lime, and baryta are soluble in 
water with a red colour, which is turned blue by an excess of 
alkali. On reduction, it is converted to hydrogallein and, finally, 
to gallin. It forms greyish-violet lakes with alumina and 
chromic oxide. It produces a fine violet on wool mordanted with 
bichromate. 

In printing it is applied with acetate of aluminium or chromium 
and steamed, whereby acetic acid is liberated, and the ^juminium 
or chromium lake of gallein is fixed on the fibre. 0 ' 

Gcerulein [65], C 2 oH 8 0 6 , is formed by heating gallein with 
twenty times its weight of concentrated sulphuric acid to 20Q°. 
The dyestuff is precipitated by water, and in this state forms a 
bluish-black powder, which takes a metallic lustre on rubbing. 
It is almost insoluble in water, alcohol, and ether, slightly soluble 
in glacial acetic acid with a green colour, and easily in concen- 
trated sulphuric acid with an ^live-green colour. It forms a blue 
solution with hot aniline. 
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It crystallises from hot concentrated sulphuric acid in warty 
crystals. 'Reducing-agents convert it to reddish-brown coerulin, 
C 20 H ] 2 O 6 . On warming with acetic anhydride, a triacetyl coerulein, 
C 20 H 9 O 6 (C2H 3 O) 3 , is formed. Coerulein forms colourless soluble 
compounds with bisulphites ; these compounds being easily 
decomposed by boiling or by action of alkalies or acids. In 
dyeing and printing the bisulphite compound is generally used. 
For printing, the ccerule’in bisulphite compound (Coerulein S) is 
mixed with aluminium or chromium acetate, printed, and steamed. 
This decomposes the acetate and the bisulphite compound simul- 
taneously, and coerulein becomes fixed as aluminium or chromium 
lake. Wool is previously mordanted with bichromate ^nd tartar. 

The shades produced are dark green, not very bright, but 
useful on account of their great fastness. 

On distilling with zinc powder, coerulein gives phenylanthra- 
cene, and, according to Buchka, is a derivative of phenyloxan- 
thranol : — 

OH 

I 

c-c c h 6 
c 6 h 4 < >c 6 h 4 
co 

The constitution of coerulein is expressed by the following 
formula : — . 

CO OH 



Glycereins [ 67 ]. 

Reichl gives this name to a series of coloured products obtained 
by action of phenols on glycerin in presence of concentrated 
sulphuric acid. The quantity of dyestuff formed is, however, 
so small that one can scarcely formulate any reaction in form 
of an equation. 

Similar bodies to these from glycerin are also obtained from 
many organic acids, alcohols, and sugars. 
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CHAPTER VI. 

QUINONEIMIDE DYESTUEES. 

The dyestuffs comprised under this head are derivatives of the 
hitherto unknown imido-compounds of the quinones, and include, 
amongst others, the Indamines and Indophenols. 

By replacing the oxygen atoms of quinone by the divalent 
group NH, the following compounds are obtained, according as the 
substitution takes place once or twice. 


Nil 

NH 

II 

II 

/\ 


/\ 


and 


\y 


u 

ii 

0 

II 

NH 


These compounds are unknown in the free state. Various 
derivatives are, however, known, amongst the simplest of which 
may be mentioned quinonechlorimide and quinonedichlordiimide. 


N01 

NCI 

II 

II 

A 

A 

A 

A , 

'\y 

H 

It 

NCI 

Quinonechlorimide. 

Quinonedichlordiimide. 
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The above-mentioned indamines and indophenols must be 
regarded as more complex derivatives of the' quinoneimides. 

These dyestuffs , are formed by oxidation of a paradiamine in 
presence of a monamine or a phenol, or by action of quinonedi- 
chlordiimide on the latter. 

In the oxidation process, as, for example, that of parapheny- 
lenediamine with aniline, the former is probably converted into 
quinonediimide HN~C 6 H 4 =NH, which, on further oxidation 
attacks the benzene chain of the aniline, and enters in the para 
position to the amido-group. The indamine produced has the 
constitution [1] : 

N 



This constitutional formula is deduced from the following 
facts : — On reduction the compound takes up two atoms of 
hydrogen, forming paradiamidodiphenylamine : — 

H 2 N — C 6 H 4 — N H — C 6 H 4 — NH a . 

As the indamine may be reproduced on oxidation, this body 
must be regarded as the leuco-base of the dyestuff. That the 
nitrogen atom effecting the linkage in the indamine is tertiary 
is seen from the fact that a paradiamine substituted in both 
amido-groups, as, for example, diethylparaphenjlenediamine, 

T * C 2 H 5 — HN — C 6 H^ — NH— C 2 H 5 , 

is incapable of forming an indamine. That the nitrogen atom 
effecting the linkage in the indamines occupies the para position to 
the amido-group is easily proved, as paradiamines do not react with 
para substituted monamines, or at least only in a different manner. 

Para-diamines substituted in one amido-group react like primary 
amines, and the monamine may also he secondary or tertiary. In 
many such cases the formation of an ammonium-chloride group 

n 2 
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Cl 

(=N(CH a ) s ) 

has to be assumed. 

The behaviour of certain tertiary indamines shows that their 
production is attended by an intermediate formation of a qninone- 
imide. If, on the one hand, paraphenylenediamine is oxidised 
with dimethylaniline, and, on the other, unsymmetrical dimethyl- 
paraphenylencdiamine [(CH 3 ) 2 NC«H 4 NH 3 ] with aniline, indamines 
are formed in both cases, but are not identical with each other, 
but isomeric, as by further action of aniline they yield two 
different dimethylsaff ranines . 

This behaviour is easily explained under the following 
assumptions : — Paraphenylenediamine yields first the body 
TIN — C (; II t — Nil; while from dimethyl phenylenediamine the 
chlormethylate, C1(CII 3 ) 2 N — C 0 H 4 — Nil, is produced. The 
further action of these 'compounds on the respective monamines 
must necessarily produce different indamines, the constitution of 
■which is expressed by the following formulae : — 



It is not improbable that the red dyestuff obtained by wurstgci 
by oxidation of dimethylparaphenylencdiamino is none other th% 
the chlormethylate of methylquinoneimide : — 

C](CH 3 ) 2 =N=C 0 H 4 NH. 

This compound yields dimethylphenylenediamine on reduction, 
and reacts with monamincs and phenols to produce Indamines 
and indophenols. 

The indophenols are related to the analogues of oxyamidodh 
pbenylamine in the same manner as the indamines are to diamido- 
diphenylamine. 
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The formation of dyestuffs by oxidation of paradiamines with 
monamines was first discovered by R. Nietzki [48] in 1879; who 
later [1] determined the constitution of the indamines. Witt, 
in 1879, discovered the reaction between nitrosodimethylaniline 
and amines and phenols. , 

.Bernthsen [36] showed later that certain dyestuffs containing 
sulphur (methylene blue and Lauth/s violet) also belong to this 
class of colouring- matters. 


1. INDAMINES. 

Indamine (Phentlene 'Blue) [1].] 

H 3 N— C c H 4 . 

jin. 

hn=c 6 h 4 -^ 

This compound is formed by oxidation of p-diamidodiphenyl- 
amine, or of a mixture of equal molecules of paraphenylenediamine 
and aniline. It is the simplest member of the indamine series, 
and its salts are greenish blue and are mostly soluble in water. 
Acids turn the solutions green, and rapid decomposition, with 
formation of quinone, sets in. The iodide separates in long 
brilliant green crystals from a mixture of the hydrochloride and 
potassium iodide. Indamine, on reduction, yields paradiamido- 
diphenylamine. On heating with a solution of an aniline-salt, 
phenosaffranine is formed. 

Tetramethjlind amine [ 1 , 2 , 3 ]. 

(Bindschedler’s Green.) 
f. (CH,),N— C,H*^ 

(CH 3 ) 3 =N=C 6 H^ 

/ 

Cl 

This compound is obtained by oxidation of equal molecules of 
dimethylparaphenylenediamine and dimethylaniline [1, 2, 3]. 
The solutions of the salts have a fine green colour, which is turned 
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blue by alkalies. If the action of the latter is protracted, dimethyl- 
amine is evolved, and probably an indophenol r 

(CH 3 ) 2 N— c«h 4 

o=c«h 4 ^ 

is formed. This indamine is in general more stable than the 
former one, but is decomposed on warming with acids, quinone 
and dimethylaniline being formed. 

It yields tetrametliyldiamidodiphenylamine [1] on reduction. 
Iodide , C 16 H 30 N 3 I [1], is formed, on addition of potassium 
iodide to a solution of the hydrochloride or zinc double salt, and 
separates in long green needles. It is pretty soluble in pure 
water, but insoluble in a solution of potassium iodide. 

Zinc double salt [2, 3], (C 16 H 20 N 3 Cl) 2 ,ZnCl 2 , forms coppery 
needles, which are easily soluble in water. 

Mercurxj double salt , (C 16 H 2 oN 3 Cl)2,HgCl 2 . 

Platinum double salt , C 16 H 20 N 3 CI 2 ,PtCl 4 . 


Toluylene Blue [ 1 , 4 ], 

Cl 


(CH 8 ) fl =NC e H, 


;N 


h 3 nc 7 h 5 — nh 2 


Toluylene blue may be obtained by mixing solutions of 
equivalent quantities of nitrosodimethylaniline hydrochloride and 
metatoluylenediamine, and also by oxidation of the latter base 
with dimethylparaphenylenediamine. It is an amido-indamine 
characterised by a greater degree of stability than the previous 
ones. The monoacid salts are blue, and the diaci$, salts are 
colourless. 

The hydrochloride, C 16 H 12 N 4? HC1, forms soluble needles which 
possess a coppery lustre. 

On reduction, toluylene blue gives triamidotolylphenylamine. 
On heating, toluylene red [4] (see Azine Dyestuffs) is formed. 

The red dyestuff obtained by Wurster by oxidation of dimethyl- 
paraphenylenediamine is probably closely related to the inda- 
mines [5]. According to Wurster and Sendtner, this compound 
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corresponds to a base of the formula C s H 10 ]Sr 2 . It possesses the 
remarkable property of reacting with amines and phenols to pro- 
duce indamines and indophenols respectively. It is possible that 
this compound is a methylate of methylquinone-diimide of the 
constitution — 

Cl 

gg;>L=H 4 =NH. 

Tetramethylparaphenylenediamine gives a blue dyestuff, 
C 10 H 14 N 2 , on oxidation. 


2. INDOPHENOLS [7, 8, 12]. 

This series of dyestuffs, which were first prepared by Witt and 
Koechlin, by simultaneous oxidation of paradiamines or para- 
amido phenols with phenols, exhibit, both as regards constitution 
and general behaviour, a close relationship to the indamines. 
Like the latter, they are decomposed by acids with formation of a 
quinone. In general they possess a weak basic nature, but, 
unlike the indamines, form colourless salts, and have mostly a blue 
or violet colour in the free state. 

On reduction they yield analogues of paramido-oxydiphenyl- 
amine. 

Indophenols may be obtained by oxidation o£ paradiamines with 
phenols, or by action of nitrosodimethylaniline or quinoneehlor- 
imide on the latter class of compounds. 

According to the above remarks the constitution of the simplest 
indophenol (from paraph enylenediamine and phenol) should be 
expressed by the formula, 

HN— C 6 H 4 — N — C 6 H 4 — OH ; 

but the jsroperties of the compounds of this class agree better 
with the formula — 

0=C 6 H 4 ==N— C 6 H 4 — nh 2 . 

For example, the indophenols do not possess acid properties, 
as might be expected if an hydroxyl group were present; on the 
contrary, they are weak bases. 

' The leuco-compounds, however, possess decided phenolic pro- 
perties. They are, soluble in alkalies, but oxidise extremely 
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readily in the air, indophenols being formed, which, being 
insoluble in alkalies, separate out. In presence of acid "the leuco- 
indophenols are stable in the air. 

The application of these dyestuffs in dyeing and printing is 
based on the above properties of the leuco-compounds. The 
process is similar to indigo vat-dyeing. The goods are impreg- 
nated with an alkaline solution of the leuco- compound, the colour 
being developed by oxidation in the air, or by passing through a 
bath of potassium bichromate. Indophenol may also be produced 
directly on the fibre, a mixture of the diamine and phenol being 
applied, and the dyestuff developed by passing through bichromate 
or bleaching-powder solution. 

Only the indophenols from dimethylparaphenylenediamine and 
a-naplithol and phenol have been found capable of technical 
application. 

The former compound is of an indigo-blue colour, and 
crystallises from benzene in brilliant green needles. It forms a 
colourless solution with acids ; an excess decomposes it with' 
formation of a-naphthaquinone and dimethylparaphenylene- 
diamine [12]. The dyestuff from phenol is greenish blue. 

The manufacture of the indophenols is effected by oxidation of 
an alkaline solution of the reacting compounds with sodium hypo- 
chlorite, or with air in presence of copper oxide. An interestiii 
method of obtaining indophenol is by the action of dibrom-4 
naphthol on dimethylparaphenylenediamine. 

The indophenols are very fast to soap and light ; their greatl 
sensitiveness towards acids and certain difficulties encountered in 
their application, however, render them unable to compete with 
indigo. Indophenol, however, appears to be of use when combined 
with indigo, i.e. when a vat of the mixed dyestuffs is used. It is 
claimed that this mixed vat is more economical than the,sijpple indigo 
vat, while the fastness and beauty of the shades are nol^affetfled. 

A irichlorindophcnol , 

(CH 3 ) 2 N-C 0 H 4 . • • 

0=C a HCl 3 ^ 

has been obtained by Schmitt and Andresen [10] by action qi 
trichlorquinonechlorimide on dimethylaniline. It forms beautiful 
green needles. ^ „ 

Dyestuffs may also be produced by action of quinonechlorimide 
and of nitrpsophenol on phenols in alkaline solution. They are, * 
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however, very unstable, and probably contain an hydroxyl group 
in place *oi the amido-group in the previously described indo- 
phenols. The simplest of these compounds would possess the 
formula HOC.EL 

N. 

o=c 6 h 4 ^ 

3. INDAMINES AND INDOPHENOLS CONTAINING 

SULPHUR. 

(Thiazines.) 

This class comprises a series of dyestuffs corresponding to the 
indamines and indophenols, but which contain one atom of sulphur 
in their molecule. This sulphur atom effects a linkage between 
two benzene rings, and the indamines of this series stand in the 
same relationship to thiodiphenylamine, 

ttaj/C 0 H 4 \q 

as the common indamines do to diphenylamine. The sulphur atom 
enters the two benzene chains in the ortho position to the imido- 
group, and accordingly thio diphenylamine may be regarded as 
containing three rings each containing six members. This is ex- 
emplified by the following formula [36] : — 

H H 

CSC 
^ \ / \ / ^ 

HC C C CH 

i ii ii i • 

HC C C CH 

YW 

H H H 

The atpido and hydroxyl derivatives of thiodiphenylamine are, 
like those of diphenylamine, leuco-compounds. 

■ There is an erroneous impression that the group 

S 
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acts as chromophor, and that thiodiphenylamine is the chromogen 
of this class of dyestuffs. Prom Bernthsem’s constitutional for- 
mulae^ however, these bodies belong to the Indamine group,, and 
their chromophor must be the paraquinonediimide group — 


N — 



This is evident from the fact that the amido derivatives of 
thiodiphenylamine are not dyestuffs, but leuco-compounds. The 
presence of the sulphur atom serves to give greater stability 
to the molecule, and these bodies are stable to acids. 

In general, the whole character of the series is considerably 
modified. 

The simplest indamine, 

C 6 H 4 — NH 2 

< 

x c 6 h 4 =nh 

corresponds to Lautlr’s Violet : 

C 6 H 3r NH 2 
NI >S 
N C 6 H 3 =NH 

In this series also the nitrogenous groups are 1 generally in the 
para position to each other. 

The sulphuretted indamines may be produced by introduction of 
amido groups into thiodiphenylamine, and oxidation of t£e result- 
ing leuco-compounds. They are generally prepared, however, by 
a peculiar reaction discovered by Lauth [14] . If a paradiamine is 
oxidised in presence of sulphuretted hydrogen in acid solution, 
one atom of nitrogen splits off as ammonia, and two molecules of 
the diamine combine, one atom of sulphur entering into both rests 
simultaneously. The resulting body is an indamine containing 
sulphur. These compounds are also formed on oxidation of thio 
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derivatives of paradiamines. Small quantities are further obtained 
by oxidation of amidodipheny] amines in presence of sulphuretted 
hydrogen. 

These dyestuffs are far more stable than the indamines and 
indophenols, and, unlike these, do not give quinone when treated 
with acid. For this reason they are capable of practical applica- 
tion, one of them, methylene blue, discovered by Caro, being used 
on a very large scale. The dyestuffs of this class have a violet or 
blue shade. 


LautJis Violet ( Thionine ) [14, 36]. 

/C 6 H 3 -N=H 3 

N >S 

x 6 h 3 =nh 


is formed by oxidation of paraphenylenediamine hydrochloride 
in presence of sulphuretted hydrogen, by fusing paraphenylene- 
diamine with sulphur and oxidising the resulting compound, and 
finally by oxidation of paradiamidothiodiphenylamine. 

The base, C 12 H 9 N 3 S, forms a black crystalline powder or needles 
with a greenish reflex. It dissolves in alcohol, forming a reddish- 
violet solution, and in sther, forming an orange solution. 

Hydrochloride, C 12 H 9 N 3 S,HC1, forms beetle-green needles, so- 
luble in water with a violet colour. 

Hydriodide, C 12 H 9 N 3 S,HI, is sparingly soluble in water [36]. 

LautVs Violet gives a green solution with concentrated sulphuric 
acid, and on dilution the colour changes through blue to violet. 
On reduction it yields paradiamidothiodiphenylamine [36] . 

Isothionine is an isomeric dyestuff formed by oxidation of a 
diamidotbjodiphenylamine of unknown constitution [36] . 


Methylene Blue [13, 15, 16, 36, 53]. 

/C 6 H 3 -NHCH 3 ) 3 . 

N >S 
XH 3 -N=(CH 3 ) 2 
~"C1 

This dyestuff was discovered by Caro, who obtained it by oxida- 
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tion of dimethylparaphenylenediamine in presence of sulphuretted 
hydrogen. 

The dimethylparaphenylenediamine used in this and other pro- 
cesses is prepared by reduction of nitrosodimethylaniline, obtained 
by action of nitrous acid on dimethylaniline. 

Carols process was formerly used on an industrial scale. A con- 
siderable improvement was effected by oxidising equivalent quan- 
tities of dimethylparaphenylenediamine and dimethylaniline in 
presence of thiosulphuric acid. The most recent processes have 
for their starting-point dimethylparaphenylenediamine-tliiosul- 
phonic acid: /N(CH,).(1] 

C 6 II s -S . S0 3 H [3 1 


. This compound is obtained by oxidation of dimethylparapheny- 
lenediamine in presence of sodium hyposulphite, or by action of 
hvposulphurous acid (thiosulphuric acid, H 2 S 2 0 3 ) on the red oxi- 
dation product of dimethylparaphenylenediamine. Two processes 
may be employed for the manufacture of methylene blue from this 
compound. (1) The thiosulphonic acid is oxidised with dimethyl- 
aniline, whereby an insoluble compound : 


N 


c H / N ( CH *)* 

^« u «xg— SO, . 
C c H 4 N(CH 3 )/ 


tetramethylindamine-thiosulplionate, is formed. On boiling with 

zinc-chloride solution, it yields sulphuric acid and leucomethylene 

blue, which is converted into the dyestuff on oxidation. (2) On 

reduction, the thiosulphonic acid yields dimethylparaphenyiene- 

- diamine mercaptan — v/ n n \ m 

r /N(CH 3 ) 2 [1] 

C«H*-SH [»]' 

\NH 3 [4] 


or, on treating with acids, the corresponding disulphide (C 8 HixN 3 S) 2 . 
On oxidation with dimethylaniline, both these compounds give the 
same soluble green indamine : 



\ 


C 6 H 8 <N(CH 3 ) a 

] 

C 6 H 4 -Ni iC H 3 ) 


2 


tetramethylindamine sulphide, which is transformed* to leueo-' 
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methylene blue and methylene blue on standing or on warming 
the solution. Small quantities of methylene blue are formed by 
oxidation of tetramethyldiamidodiphenylamine in presence of sul- 
phuretted hydrogen, and by treating tetramethylind amine with 
sulphuretted hydrogen. 

Another method used in the manufacture of the so-called ethy- 
lene blue consists in treating nitrosodimethylaniline in sulphuric 
acid solution (sp. gr. 1*4) with zinc sulphide. Leueo-methylene 
blue is produced, and yields the dyestuff on oxidation. 

It is certain that methylene blue is the tetramethyl derivative 
of Lauth’s violet, although it cannot be obtained by direct methyl- 
ation of the latter. Its constitution is analogous to that of tetra- 
methylindamine. Like this, it contains a peatavalent nitrogen 
atom, which is in combination with two methyl groups and an 
hydroxyl or acid radical. The hydrochloride has the constitution 
expressed at the head of the section. The properties of the base 
of methylene blue are those of an ammonium base, and this agrees 
with the above conception of its constitution. The base is not 
easily separated from its salts. It is best obtained by decom- 
position of^the hydrochloride with silver oxide, and has probably 
the formula C 16 H 18 N 3 SOH. It dissolves easily in water with a 
blue colour. w 

Hydrochloride , Cfn^ 8 N 3 SCl, forms small lustrous leaflets, 
easily soluble in waver. 

Zinc double salt , 2(C 16 H 18 N 3 SC1) +ZaCl 3 -f H 3 0 (commercial 
methylene blue), forms coppery needles, easily soluble in water, 
sparingly soluble in zinc chloride solution. 

Hydriodide , CigHigNgSI, forms lustrous brown needles, sparingly 
soluble in water. 

Concentrated sulphuric acid dissolves methylene blue with a 
green colour. Reducing agents convert it to its leu co- derivative, 
fetrametjiyldiamidothiodiphenylamine — 

/C 6 H 3 -“ N=(CH 3 ) 2 

NH > S 

x C 6 H 3 -N=(CH 3 ) 2 

This base forms colourless leaflets, which oxidise in the air to 
methylene blue. On treating with methyl iodide, the dimethyl- 
iodide of j>entamethyldiamidothiodij3henylamine — 
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is formed. 


CH 3 -N 


/ C e H 3 -N(CH 3 ) 3 

\g 

X C 6 6 3 -N(CH 3 ) 3 


As this compound is also formed by methylation of the leuco- 
compound of Lauth’s violet, the relationship between the two dye- 
stuffs is demonstrated. 

Like most ammonium bases, methylene blue does not dye wool 
easily, but is readily fixed on silk and tannined cotton. It has 
also a slight affinity for un mordanted vegetable fibres. Methylene 
blue is principally used in cotton-dyeing. It dyes a greenish 
shade of blue, which shows a dull tone similar to that of indigo. 
It is very fast to light, and the shades may be readily modified by 
other basic dyestuffs, such as methyl violet or malachite-green. 

An analogous dyestuff to methylene blue is obtained from mono- 
ethylparaphenylenediamine [Oehler, 20], and another from meth- 
oxydimethylparaphenylenediamine [Mulhauser, 21]. 


Imid othio dijpheny limide [ 86 ]. 



C 6 H 4 

\ s 

c 6 h 3 =nh 


This body contains one amido group less than Lauth's violet, 
and is formed by oxidation of monamidothiodiphenylamine. 

The base forms small reddish-brown needles, soluble in alcohol 
and ether with the same colour. 

Hydrochloride, CioHgN^HCl-f- 1^H 2 0, forms a brown preci- 
pitate insoluble in ether. It dissolves in water with blue-violet 
colour, and gives a green solution with concentrated sulphuric 
acid. The zinc-chloride double salt, (C 12 H 8 N 2 S,HCl) 3 ZnCl 2 , forms 
long brownish- violet needles. 

The compounds hitherto described correspond to the inclamines ; 
the following ones must be regarded as sulphuretted indophenols, 
as oxygen partly takes the place of the nitrogenous groups of the 
former. 

The influence of the sulphur atom in adding to the stability of 
the molecule is also very apparent in these bodies, as they exhibit 
a far greater resistance to the action of chemical agents than the 
corresponding simple indophenols. ^ 
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Thionolme ( TMoxindojpkenol ) [36]. 


N" 


C B Hy-NH, 
> S 

c (! k 3 =o 


This compound maybe obtained by oxidation of paramidophenol 
in presence of sulphuretted hydrogen, or by treating Lauth’s violet 
with an alkali. Tn the latter case the imido-group is eliminated 

as ammonia. A n 

The base forms yellowish-brown leaflets, with a green reflex ; 

the hydrochloride crystallises in fine black needles, forming a 
reddish-violet solution with water. 

The dimethyl derivative of thionolme (Methylene Violet) is 
formed by boiling methylene blue with alkali, methylene azure, the 
sulphone of methylene blue, C 16 H 17 N 3 S0 2 , being simultaneously 

produced [36]. .. rv ^ . ,, 

The base of dimethylthionoline, C u H 12 fc> JN s O, forms long needles, 
and its alcoholic solution shows a reddish-brown fluorescence. 

The hydrochloride crystallises in brilliant green needles which 
dissolve in concentrated sulphuric acid with a green colour, and 
dyes silk violet. 

' Oxijthiodiphenylimide [86], 

■ /C 6 H 4 

N. >S, 

^c 6 h s =o 

is produced by oxidation of oxythiodiphenylamine (from oxy- 
diphenylamine and sulphur). It forms reddish-brown needles 
which dissolve sparingly in ether, acetone, &c., with an orange-red 
colour. 

* 

Thionol (Dioxythiodiphenylimide) [36], 


N* 


/C 6 H 3 OH 


>s 


^c 6 h 3 =o 

is formed, along with thionoline, by boiling Lauth’s violet with 
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alkali or dilute sulphuric acid, and also by treating thiodiphenyl- 
amine with sulphuric acid containing 7 5 per cent. S0 3 . It is 
insoluble in water and crystallises from hydrochloric acid in 
needles, which contain hydrochloric acid. It possesses simultane- 
ously weak basic and strong acid properties. 

The acid solutions are reddish violet, the alkaline solutions 
violet in colour. 

The barium salt, Ci 3 H 7 NS0 3 Ba0, forms brilliant green leaflets 
soluble in water. 


Methylene Red [ 19 , 36 , 53 ]. 

C 8 H 9 N 2 S 2 . 

This compound is a bye-product in the preparation of methylene 
blue by the old process. Its formation is greatest in presence of 
a large amount of sulphuretted hydrogen. 

Its constitution is expressed by the formula 

/N(CH 8 ) 2 Cl 
C 6 H 3 — N 

V s 

This is deduced from the following properties. On reduction it 

/N(CH 8 ) 3 [4] 

yields dimethvlparaphenylenediamine-mereaptan C 6 H 3 — NH 2 [l] 

* • . , . X SH [2] 

and is decolorised by alkalies, the corresponding thiosulphonic 
/N(CH 3 ) 3 

acid, C 6 H.i — NH 0 , being formed amongst other compounds. 

" n s-so 3 h 

The hydrochloride, C 8 H 9 N 3 S 2 ,HC1, is easily soluble* in water, 
and is extracted from the solution by phenol. The hydriodide is 
more sparingly soluble and crystallises from water in thick prisms. 
On reduction, and subsequent oxidation with dimethylaniline, 
methylene blue is formed. 
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Methylene Green. 

This compound is obtained by treating methylene blue with 
nitrous acid. It dyes textile fibres a fine dark green colour, and 
appears, from its properties, to be a nitro-derivative of methylene 
blue. In its behaviour towards fibres it resembles the latter. 


4. OX YIND AMINE S AND OXYINDOPHENOLS. 

(OXAZINES.) 

This denomination includes a series of compounds aiialogous to 
the thioindamines and containing an oxygen atom in place of the 
sulphur atom of the latter. 

These compounds are formed by the action of nitrosodimethyl- 
aniline or of quinonedichlorimide on certain phenols or phenol- 
carbonic acids in a hot alcoholic or acetic acid solution, or by 
oxidation of these phenols with paradiamines at a medium tem- 
perature. 

The dyestuffs from /3-naplithol and from gallic acid are best 
known. The former was discovered almost simultaneously by 
Witt and Meldola. 


Naphthol Blue [29, 51]. 

N 

C 18 H 15 N 2 0 .Cl = Cl . N(CH 3 ) 2 = C 6 H s C '>C 10 H 6 . 

o 

This dyestuff is best prepared by heating nitrosodimethylaniline 
hydrochloride with /3-naphthol in alcoholic solution. A part of 
the nitrosodimethylaniline becomes reduced to dimethylparapkeny- 
lenediamine during the reaction. 

The base is soluble in benzene with a red colour. 

The hydrochloride, C 18 H 14 N 3 0,HC1, and the zinc chloride 
double salt form bronzy needles, which form blue-violet solutions 
with water. 

Platinum double salt, ,(C 18 H 14 N s O,HCl) 3 PtCl 4 . 

The compound dyes on cotton prepared with tannic acid, and 
produces a somewhat dull violet-blue shade similar to indigo. The 
dyestuff is khown commercially as Fast Blue, Naphthol Blue, and 
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Meldola's Blue. The dyestuff exerts an extremely irritating action 
on the mucous membrane of the nostrils. 

yS-naphthol reacts with chlorquinonediimide, producing a red 
dyestuff of the composition C 1G H 10 N 2 O [51]. It does not form a 
diazo-compound, and therefore probably contains no free amido- 
group. Its constitution is probably expressed by the formula — 



The base has a yellow colour without fluorescence, the salts 
dissolve in concentrated sulphuric acid with a green colour, which 
on dilution turns through blue to red. 

Under similar conditions &-naphthol yields a dyestuff which 
dissolves in dilute hydrochloric acid with a red colour, and pro- 
duces a greyish-violet shade in dyeing. 

Resorcin reacts with nitrosodimethylaniline, producing a fluo- 
rescent violet dyestuff [29] . 

Sulphonic acids of this scries mav^iplso be obtained from 
sulphonic acids of the phenols. 


Muscarine . 


C I8 H W N 2 0 2 C1. 


This dyestuff is an hydroxyl derivative of naphthol blue, and is; 
obtained by interaction of nitrosoclimcthylaniline hydrochloride 
and a dioxy naphthalene, M.P. 186°. Its constitution is repre-j 
seated by the formula : — 


C1N(CH,)AH 


•Ny' 


CjolIjOH. 


The base is yellowish brown, and is obtained by precipitating 
the violet solution of one of the salts with an alkali. It forms a 
bluish-green solution with concentrated sulphuric acid, and on 
dilution the colour change^ through blue to violet, a violet, pre- 
cipitate being formed finally. It dyes a dull blue shade on cotton; 
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Nile Blue . 


(C 18 H 16 N 3 0) 2 S0 4 . 


This dyestuff is prepared by heating a-naphthyl amine hydro- 
chloride with nitrosodimethylmetamidophenol hydrochloride in 
acetic-acid solution to 100°. Nile blue is soluble in water and 
alcohol with a blue colour. Alkalies produce a brownish pre- 
cipitate, soluble in ether with a brown fluorescence. Sulphuric 
acid dissolves it with a yellow colour, which on dilution changes 
through green to blue. On adding hydrochloric acid to an 
aqueous solution of Nile blue, the sparingly soluble hydrochloride 
is precipitated. , 

The hydrochloride has the constitution expressed by the formula : 


Cl . N (CH 3 ) 2 = C 6 tL 


c 10 h 5 nh 2 


Nile blue dyes on cotton prepared with tannic acid and 
tartar emetic, producing a greenish-blue shade of great beauty and 
purity, similar to methylene blue, but clearer. 


Gallocyanine [32, 511. 

CIvV-*> 

This dyestuff has attained considerable importance, especially 
in calico-printing, and is obtained by acting with nitrosodime- 
thylaniline hydrochloride on gallic acid in a hot alcoholic or 
acetic acid solution. The compound crystallises out in brilliant 
green needles. The mother-liquors always contain dimethyl- 
paraphenylenediamine. 

Gallocyanine is sparingly soluble in hot water, alcohol, and 
acetic acid. The solutions have a violet colour. It possesses 
simultaneously acid and basic properties, and is precipitated from 
the reddish-.violet alkaline solution by acids. 

Gallocyanine dissolves with difficulty in hydrochloric acid, 
forming a reddish- violet solution. Its solution in strong sulphuric 
acid is blue. 

It forms an almost colourless crystalline compound with sodium 
bisulphate. 

The composition of gallocyanine is expressed by the formula — 
C 15 II 12 N 2 0 5 ; 
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and its formation is explained by tlie following equation : — 

3C 8 H 10 N 2 O + 2C 7 H g 0 5 = 2C 15 H 12 NA + C 8 H ls N a + H 3 0. 

JNitrosodim ethyl- Gallic Gallocyaniue. Dimethyl- Water, 

aniline. add. " paraphenyl- 

diamine. 

Gallocyanine is easily soluble in hot aniline, and, on cooling, an 
anilide crystallises in long green needles. This anilide is formed 
by action of two molecules of aniline, according to the equation — 

C 15 H 12 N A + 2C e H*NH 9 = C 27 H 24 N A + II 2 0. 


This corhpound may be regarded as an aniline addition-product 
of the anilide — 

C^IIiaN A = N C 6 H 5 [51]. 


The anilide possesses well-marked basic properties. 

The methyl-ether of gallic acid reacts with nitrosodimethylaniline, 
producing a methyl-ether of gallocyanine, (CH 3 ) . This 

compound is a dyestuff, and is known in commerce as Prune [51]. 

Prune differs from gallocyanine inasmuch as the former is a 
base forming stable soluble salts, while in gallocyanine the acid 
properties are predominant. 

Nitrosodimethylaniline reacts also with the amide of gallic 
acid (“gallaminie acid ”), and forms a blue dyestuff, which is met 
with in commerce in form of its bisulphite compound under the 
name Gallamine Blue. 

' Gallocyanine is constituted according to one of the following 
formulae : — 



From the fact that the methvl-ether of gallocyanine yields a 
diacetyl derivative, the second formula appears the more probable. 
The pentatomic nitrogen present is probably saturftted by the 
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carboxyl group in gallocyanine, or by an hydroxyl group in 
Prune, as the base contains no ammonium hydroxyl group. 

These three dyestuffs are capable of dyeing on mordants, and 
produce violet lakes with iron, aluminium, and especially with 
chromium oxides. On account of the fastness of the shades pro- 
duced, these dyestuffs are largely used in calico-printing and in 
wool-dyeing. In printing, a mixture with sodium bisulphite and 
chromium acetate is used, the insoluble chromium-lake being 
produced by steaming. Wool may be dyed without any mordant, 
but faster shades are obtained by chroming the wool first. Prune 
having more pronounced basic properties may be dyed on cotton 
prepared with tannic acid and tartar emetic. 

Prune comes into the market as a powder; Gallocyanine and 
Gallamine Blue generally as pastes. 


5. DICHROINES. 

Lielermann's Phenol Dyestuffs [ 30 ]. 

As it has been demonstrated that certain of these dyestuffs are 
derivatives of phenoxazine, they are best described here. 

On treating phenols in concentrated sulphuric acid solution at 
40°-50° C. with nit^o^ acid, peculiar violet or blue compounds 
are formed. * They are of distinctly acid character, and are repre- 
cipitated from alkaline solutions on addition of acids. Their 
alkaline solutions exhibit a remarkable fluorescence, and for this 
reason this class of compounds is also known as JDichroines. 

' The dyestuff from phenol has the composition, C 18 H 15 N0 3 . It 
forms a brown powder, insoluble in water, soluble in alkalies with 
a blue colour. The thymol dyestuff' has the formula C 30 H 36 N 2 O 4 , 
and the orcin dyestuff C 21 H 18 N 2 0 6 . Both have a violet colour. 

Besorujin ( Weselshfs Diazoresorufin). 

C 12 H 7 N0 8 . [31, 33, 34, 54.] . 

This compound is formed by action of nitro- or nitrosoresorcin 
or nitrobenzene on resorcin in presence of concentrated sulphuric 
acid at 1 7Q°. It may also be obtained from resazurin (see below) 
by various methods. Resazurin yields resorufin on heating alone^ 
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or with concentrated sulphuric acid to 110°, by reduction with 
sodium bisulphite, or with zinc powder or iron, and subsequent 
oxidation in the air. Resorufin is also formed in the preparation 
of resazurin. The following synthetic methods give a clear idea 
of its constitution. On dissolving an equal number of molecules 
of nitrosoresorcin and resorcin in concentrated sulphuric acid a 
dyestuff is formed, which, on heating the mixture to 100°, goes 
over into resorufin. The intermediate product of the reaction 
may be regarded as an indophenol of resorcin formed according 
to the scheme ? — 



On heating to 100°, another molecule of water is eliminated, 
thus : — 



and the resulting resorufin has accordingly the constitution 
expressed by the formula — 



Resorufin is also formed by heating nitrosophenol or quinone- 
chlorimide with resorcin, or by heating nitrosoresorcin with phenol 
or by oxidation of paramidophenol with resorcin, or by oxidation 
of asymmetrical amidoresorcin with phenol. These reactions are 
all carried out in presence of concentrated sulphuric acid. 

Resorufin forms small bcown needles, insoluble ^in water, 
sparingly soluble in alcohol and ether, and easily soluble in hot 
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concentrated hydrochloric acid. It dissolves readily in alkalies, 
and the solution exhibits a beautiful cinnabar-red fluorescence. 

Resorufin ethyl-ether , C 12 H 6 N0 3 (C 2 H 6 ), is formed by heating the 
silver salt with ethyl iodide and alcohol. It forms orange-red 
needles, M.P. 225°. 

Hydroresorufin (. Diowyphenuxazin ) : — 


/°\ 

hoc 6 h 3 < >c 6 h 3 oh. 

■■mi' 


This is a leuco-compound formed by reduction of resorufin in 
acid solution. It forms long silky needles, M.P. 216°. In 
alkaline solution it oxidises rapidly to resorufin. 

Tetrabromresorufin is obtained by action of bromine on an 
alkaline solution of resorufin. Its sodium salt, C 12 H 3 Br 4 N0 3 Na 
+ 2H 3 0, forms the commercial Resorcin Blue or Fluorescent Blue. 
It dyes wool and silk in an acid bath, and produces bluish- violet 
shades, remarkable for their beautiful red fluorescence. 


Besazurin ( Weselsh/s Diazoresorcin). [ 31 , 33 , 34 .] 

C 12 H 7 N0 4 . 

This compound is formed by action of nitrous acid on an 
ethereal solution of resorcin. It forms lustrous green prisms, 
which are insoluble in water and ether, sparingly soluble in 
alcohol, and easily soluble in alkalies. The alkaline solutions 
are violet, and have a brown fluorescence. 

The constitution of resazurin is not known with certainty. It 
contains one oxygen atom more than resorufin, and the two are 
evidently closely related from the ease with which resazurin may 
be transformed into resorufin. The two also yield the same 
dioxyphenazoxin on reduction. It is probable that resazurin is 
expressed by the formula : — 
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Acetyl resazurin, C 12 H 6 N0 4 (C2H 3 0)j forms long red needles, 
M.P. 222°. 

Resazurin ethyl ether , C 12 H 6 N0 4 (C 2 PI 5 ), forms dark red needles, 
M.P. 215°. 


Ordrujin. [ 33 , 34 , 55 .] 

C u H u N0 3 . 

This expound is formed by action of nitrons acid on an 
ethereal orciirsolution, and is identical with the dyestuff obtained 
by Liebermann by action of nitrous acid on orcin in presence of 
sulphuric aeid. 

Orcirufin yields a monoacetyl derivative, M.P. 204°. 

Resorvfamin , C l2 H 8 N 3 0 2 . — This body is closely related to reso- 
xufin, one oxygen atom of the latter being replaced by an amido- 
group. It is obtained by heating quinonedichlorimide with 
resorcin in alcoholic solution. 

Resorufamin is only obtained in small quantity. It is a base 
forming salts which are easily soluble, and the solutions exhibit 
practically the same fluorescence as the alkaline solution of reso- 
rufin. 

Orcirvfamin, C 13 H 10 N 2 O 2 , is obtained i n a similar manner, but 
is formed in larger quantity. It closely resembles the above. 

Lacmoid . — This colouring-matter, which probably belongs to 
the above series, was obtained by heating resorcin with sodium 
nitrite [46, Traube and Hock]. It forms blue salts with alkalies, 
and their solutions are turned red by acids. For this reason it 
has been proposed as an indicator in titration. 
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CHAPTER V1L 

AZINE DYESTUEES. 

This chapter comprises the saffranines and their 'allies, amongst 
which are the eurhodines, toinylene red, the so-called neutral 
dyes, Basle blue, and probably Magdala red and Mauveine. 
Most o£ these dyestuffs have been long known, but we owe most 
of our knowledge of their constitution to the researches of 
Witt on the eurhodines. Witt observed that a compound of 
this class [37], obtained by action of <z-naphtkylamine on ortho- 
amidoazotoluene, gives, on removal of the amido-group, tolunaph- 
thazine (naphthylene-toluylenequinoxaline). All these dyestuffs 
are derivatives of an azine (quinoxaline of Hinsberg). The 
simplest body of the azine group is phenazine (azophenylene of 
Claus and Basenack)^r^ 

C 6 H 4 /^)C e H 4 . 
dNT ' 

The group which replaces two ortho-hydrogen atoms in 

each benzene ring, is the chromophor of the whole series. 

The azine group, with the four adjacent carbon atoms, forms a 
new ring, containing six atoms, so that phenazine may be regarded 
as containing three rings, like .anthracene. 



H 

Anthracene. 


N 

Phenazine. 
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Acetyl resazurin , C 12 H 6 N0 4 (C 2 H 3 0), forms long red needles, 
M.P. 222°. 

Resazurin ethyl ether , C 12 H G N0 4 (C 2 H 5 ), forms dark red needles, 
M.P. 215°. 


Orcirtifin. [ 33 , 34 , 55 .] 

c 14 h u no 3 . 

This co abound is formed by action of nitrons acid on an 
ethereal orcinrsolution, and is identical with the dyestuff obtained 
by Liebermann by action of nitrous acid on orcin in presence of 
sulphuric acid. 

Orcirufin yields a monoacetyl derivative, M.P. 204°. 

Resorufamin , C l2 H 8 N 2 0 2 . — This body is closely related to reso- 
rufin, one oxygen atom of the latter being replaced by an amido- 
group. It is obtained by heating quinonedichlorimide with 
resorcin in alcoholic solution. 

Resorufamin is only obtained in small quantity. It is a base 
forming salts which are easily soluble, and the solutions exhibit 
practically the same fluorescence as the alkaline solution of reso- 
rufin. 

Orcirufamin , is obtained in a similar manner, but 

is formed in larger quantity. It closely resembles the above. 

Lacmo'id . — This colouring-matter, which probably belongs to 
the above series, was obtained by heating resorcin with sodium 
nitrite [46, Traube and Hock]. It forms blue salts with alkalies, 
and tlieir solutions are turned red by acids. For this reason it 
has been proposed as an indicator in titration. 
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CHAPTER VI L 

AZINE DYESTUEES. 


This chapter comprises the saffranines and their Allies, amongst 
which are the eurhodines, toluyiene red, the so-called neutral 
dyes, Basle blue, and probably Magdala red and Mauveine. 
Most o£ these dyestuffs have been long known, but we owe most 
of our knowledge of their constitution to the researches of 
Witt on the eurhodines. Witt observed that a compound of 
this class [37], obtained by action of a-naphthylamine on ortho- 
amidoazotoluene, gives, on removal of the amido-group, tolunaph- 
thazine (naphthylene-toluylenequinoxaline). All these dyestuffs 
are derivatives of an azine (quinoxaline of Hinsberg). The 
simplest body of the azine group is phenazine (azophenylene of 
Claus and Rasenack)^-^ 

C e H/f)C 6 H 4 . 


The group which replaces two ortho-hydrogen atoms in 

each benzene ring, is the chromophor of the whole series. 

The azine group, with the four adjacent carbon atoms, forms a 
new ring, containing six atoms, so that phenazine may be regarded 
as containing three rings, like anthracene. 



H 


Anthracene. 


^ N 

Phenazine. 
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The azines are in some respects analogous to the quinone- 
anilides. 

While in the reaction between a paraquinone and a diamine, 
only one araido-group enters into the reaction with one quinone 
group, the action of an orthodiamine and an orthoquinone 
is just double, both oxygen atoms being eliminated in form of 
water with the hydrogen of the amido-group, the nitrogen of the 
latter entering in the place of the oxygen. 

The inaction will be easily understood from the following 
graphic equ^ion : — 



0 

H 2 


+ 

0 

h 3 


N/ 




RCT I /R + h 2 o. 

The simplest azines are not dyestuffs, they are slightly coloured 
bodies, generally yellow, and possessing weak basic properties, 
their salts being decomposed by water. 

The introduction of amido-groups intensifies the basic character 
of the azine, and increases the dyeing properties. - 

Hydroxyl groups produce colouring- matters of a slightly acid 
nature, which have, however, only little tinctorial power. 

Monamidoazincs (Eurhodines) are only weak dyestuffs, the 
dyeing-power being fully developed by introduction of two or 
more amido-groups. 

The azines are closely related to the indamines; the latter 
being derivatives of paraquinonediimide, while the former corre- 
spond to the orthoquinonediimides, only in this case the conden- 
sation so common in the ortho series takes place. 

The relationship between the two classes of compounds is shown 
by the fact that the indamines may he easily converted into 
azines, and that monamines, with a free para position capable of 
yielding indamines on oxidation, give azines when the para 
positions are occupied. The conversion of indamines into azines 
is especially instructive in the case of amidoindamines — for 
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example, Toluylene blue. On heating an aqueous solution of 
this compound for some time, Toluylene red, an amidoazine^ is 
formed with elimination of hydrogen. The hydrogen is not 
liberated as such, but converts a portion of the toluylene blue to 
its leuco-base [4] . 

The reaction will be readily understood from the following 
equation : — 



Toluylene blue. 


Toluylene red. 


The amido-group adjacent to the nitrogen atom linking the 
benzene chains in the indamine, loses its hydrogen atoms, and 
becomes linked to the second benzene chain, while the imido- 
group is simultaneously reduced to an amido-group. 

If an oxidising agent is present, the conversion of toluylene 
blue into leuco-base does not take place. 

The simpler indamines only yield azines in presence of a 
primary amine. In^hi^ case saffranines are formed. These 
bodies contain probably a phenylazonium group, viz., an azine 
group containing a pentatomic nitrogen atom, which is linked 
with chlorine and a benzene ring. 

Although the basic character of the azines is increased by the 
introduction of amido-groups, the azine group plays the principal 
part in the formation of salts. If acetyl groups are introduced 
into the amido-groups the basic properties of the compound- are 
decreased, but not entirely destroyed. 

A further confirmation of this is seen in the behaviour of the 
polyacid salts and of the corresponding diazo- compounds. 

Diamidoazines generally form three series of salts, of which the 
monoacid are red, the diacid blue, and the triacid green. The 
two latter compounds are decomposed by water, the first one is 
stable. 

If a diazo-group is introduced into a diamidoazine the com- 
pound forms stable diacid salts, which have likewise a blue colour. 
With a second diazo-group a stable green salt may be obtained. 
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As diazo-groups can. only be formed from amido-groups, and as 
the conversion into diazo-eompound increases the stable salt- 
forming capacity once for each diazo-group, it is a necessary con- 
clusion that the acid radical present in the red stable salt cannot 
be connected with the amido-groups. 

Another point in this connection is that the amidoazines dye 
fibres the colour of the monoacid, and not of the polyacid salts, 
thus showing that the azine group effects the combination with 
the fibre** 

In the mo^midoazines both nitrogen atoms appear capable of 
combining with acids, at least this is probable from the various 
colour-reactions which these bodies give with strong acids. 

The azine dyestuffs mostly possess a well-marked fluorescence • 
this appears in some cases in the alcoholic solutions of the salts, 
and in others in the ethereal solution of the base. 

1. EURHODINES [37, 38]. 

(Amidoazines.) 

This class of bodies was discovered by Witt. They are formed 
by action of orthoamidoazo-compounds on monamines (ortho- 
amidoazotoluene on a-naphthylamine), by action of orthoquinones 
on triamines with two adjacent amido-gimrps, and by action of 
nitrosodimethylaniline or of quinonedichlordiimide on certain 
monamines, in which the para position is occupied [50, 52]. 

The eurhodines are in general weak basic dyestuffs. The base 
is usually yellow, the monoacid salts red, and the diacid salts 
green. Both are readily decomposed by water. The monoacid 
salts dye silk red, but on washing a change to the yellow colour of 
the "base takes place. Most eurhodines give a red solution with 
concentrated sulphuric acid, the colour changing through black 
and green into red again on dilution. The ethereal solutions of 
the bases exhibit a yellowish-green fluorescence. 

j Eurhodine, 

C ir H 13 N 3 [37]. 

( Amidotolmaphthazine .) 

This compound is obtained by heating orthoami£oazotoluene 
with a-naphthylamine hydrochloride. The base forms golden- 
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yellow needles sparingly soluble in alcohol and ether, easily in 
aniline and phenol. It sublimes without decomposition. The 
ethereal solution shows a green fluorescence. Concentrated sul- 
phuric acid dissolves it with a red colour, which changes through 
black and green into red on dilution. It reacts with nitrous acid 
producing a diazo-compound, which is decomposed on boil in o- 
with alcohol, eurhodol ethyl ether, C 17 H U N 2 — 0 — C 2 H 8 , being 
formed. 

The hydrochloride, Ci 7 H 13 N 8 ,HCl, forms deep rec ^ bronzy 
needles. . 

Witt accords the following constitution to this eufhodine [28] • 



! 

NH 2 


JEurhodine, 


H 2 N-C 6 H 3 




)C 10 h 6 


[50]. 


(Amidophennaphthazine.) 

Is formed by action of quinonedichlordiimide on /3-naphthylamine 
according to the following equation : 

C1N =C 6 H 4 =NC1 + C 10 H r NH 2 = C 6 H 3 

nh 2 

The base has a yellow colour, and fluoresces in ethereal solu- 
tion. ' The *alts are red, without fluorescence, and are decomposed 


/N\ 

\^/ C ioH 0+ 2HC1. 
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by vfrater. The compound forms a brown solution with concen- 
trated sulphuric acid. It yields naphthophenazine on bqiling with 
nitrous acid and alcohol : — 


c«h 4 



6 * 


j Vimethylamidopliennaphthazine^ 

>N\ 


(CH 3 ) 2 NC 6 H 3 ' 




c 10 h 6 . 


is prepared by action of nitrosodimethylaniline on /3-naphthyl- 
aniline [52]. 

The base is yellow, dissolves in concentrated sulphuric acid with 
a violet colour, and forms blue unstable salts [52]. 


Amidoplienoplienanthrazine . 



This eurhodine is formed by action of phenanthrenequinone on 
u^ymmetrical triamidobenzene. The base forms yellow flocks 
or a brown crystalline powder. The salts are sparingly soluble, 
and of a carmine-red colour. The reactions are similar to those 
of the preceding compounds [38]. 

Eurhodines are also formed by the action of triamidobenzene 
on /3-naphthoquinone, glyoxal, benzil, isatine, and leuconic acid. 

A dimethyl eurhodine (dimethylamidophenotoluazine), 

(CH 3 ) 2 N-C c H 3 -N 2 =C 6 H s CH 3 [39], 
is formed on boiling diazotised toluylene red with alcohol. 
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2. EURHODOLS. 

(Oxyazhstes.) 

These "bodies are formed by melting the azinesulphonic acids 
■with caustic potash. L^O] and by heating the eurhodines with 
concentrated hydrochloric acid to 180° [38]. 

They resemble the eurhodines in colour and fluorescence, and in 
their reactions with concentrated sulphuric acid, bu^-differ in 
possessing both phenolic and basic properties. 

Oxynaphthotoluazme, 

^i7H 12 N 2 o. 

This eurhodol is obtained by heating the corresponding eurho- 
dine, C 17 H 13 N 3 , with hydrochloric acid or dilute sulphuric acid. 
It dissolves in concentrated sxilphuric acid with a red colour, and is 
precipitated from this solution in yellow flocks on addition of 
water [38]. 

Eurhodol , 

c 24 h u n 2 0. 

( Oocyphenanthrenenaphthazine .) 

j This compound is f orrhed by melting phenanthrene-naphthazine- 
sulphonic acid (from phenanthrenequinone and a/3-naphthylene- 
diaminesulphonic acid) with caustic potash. It dissolves in con- 
centrated sulphuric acid with a blue colour, which suddenly 
changes into bright red on dilution. Its sulphonic acid is a 
yellow dyestuff. 

The colour-reactions exhibited by the eurhodols with acicj,j 3 of 
different concentrations can only be explained on the assumption 
that mono- and diacid salts exist, in which, according to circum- 
stances, one or both nitrogen atoms of the azine group exert basic 
functions. 

3. TOLUYLENE RED. 

CH S 

(CH 3 )2 NC 6H3\ I yC 6 H 2 <[ [4]. 

\ N h 2 

Toluyleffe Red is a diamidoazine ; the simplest of which, diamido- 
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pbenazine, is obtained by oxidation of triamidopbenylamine with 
manganese dioxide. „ 

NH 

NH 2 - C 6 H 3 < \C 6 H 4 . NIL + 0, 

NH/ 


= 2H,0+NH,-C # H, 


C e H,-NIL. 


Toluylene red is a dimethyl derivative o£ a homologue of 
diamidoplhHJazine, and is prepared by oxidation o£ dimethylpara- 
phenylenediaflsine with metatoluylenediamine at the boil, and is 
also formed by heating toluylene blue (amidoindamine) [4] (see 
introduction to the Azine Dyestuffs). The base forms orange-red 
crystals, which contain four molecules of water. The water may 
be expelled at 150°, leaving the anhydrous compound, which is 
o£ a blood-red colour [4] . The alcoholic and ethereal solutions 
fluoresce strongly. 

The monoacid hydrochloride is a fine red dyestuff, which is 
turned blue by hydrochloric acid, and green by ' concentrated 
sulphuric acid. The zinc-chloride double salt forms crystals with 
a metallic lustre [4] . 

Toluylene red comes into commerce as Neutral Red, and being a 
basic dyestuff is fixed on cotton by means of tannic acid. 

Toluylene red contains one free amido-^group and yields a diazo- 
compound, which gives a dimethyl eurhodine on boiling with 
alcohol [39]. 

By oxidation of paraphenylene-diamine and metatoluylene- 
diamine, a non-methylated toluylene blue is formed which yields 
a corresponding toluylene red on heating. This latter forms 
a ^trazo-compound which yields methylphenazine (benzene- 
tolazine) : 

N 

C 6 H 4 < I >C 6 H 3 CH 8 [39], 

N 

on boiling with alcohol. 

A violet dyestuff, Toluylene Yiolet, to which Witt ascribes the 
formula C U H 14 N 4 , is formed by treating toluylene blue with an 
excess of metatoluylenediamine [4] . A similar dyestuff, known 
commercially as Neutral Violet, is the product of the oxidation 
of dimethylparaphenylenediamine with metaphenyleneSiamine. 



AZINE DYESTUFFS. 


177 


4. SAFFRANINES [1, 2, 3, 4]. 

% 

The dyestuffs coming under this classification contain four 
nitrogen atoms. Unlike the previous azine dyestuffs, they contain 
at least three hydrocarbon chains. Although their behaviour 
shows them to be phenazine derivatives, they differ in many 
respects from those previously described. Especially noticeable is 
their strong basic character, which in many respects resembles 
that of the quaternary ammonium bases, and the characteristic 
bitter taste of the latter compounds is also present in the saffra- 
nines. Another point of difference from the res# of the a^ine 
dyestuffs is that the free base has the same colour as" the mono- 
acid salts. * 

The well-marked basic properties of the saffranines are doubt- 
less functions of the azine group, although two amido-groups are 
also present. The hydrogen atoms of the latter may be replaced 
by alcohol or acid radicals ; and from the fact that the diacetyl 
derivatives are still mono-acid bases, it is evident that the strongly 
basic properties of the azine group remain unaffected. 

The saffranines form three series of salts. The mono-acid salts 
are, like the base, red and very stable ; the diacid salts are blue, 
and the triacid green. The two latter series are decomposed by 
water; and in fact the green salts can only exist in presence of 
concentrated sulphuric or hydrochloric acids. Both amido-groups 
may be diazotised [1]. The primary diazo-compound forms blue 
diacid salts, which are formed in slightly acid solutions, and 
correspond to the blue diacid saffranine salts. The green tetrazo- 
compounds have not been analysed, but probably correspond to 
the triacid salts. The salts of these diazo-compounds are not 
decomposed by water. 

The saffranines are products of the following reactions : — By 
heating primary monamines with indamines, whereby part of the 
latter undergo reduction [1, 3, 4] ; by oxidation of paradiamido- 
diphenflamine and its analogues with primary bases [1] ; and by 
oxidation of paradiamines with two molecules of the latter [3, 4] . 

In the oxidation of paradiamines with mon amines two different 
monamines may be used, of which one only need be primary. 
Eor the diamine and one monamine the same conditions must be 
observed as for the production of an indamine, i. e . that the 
diamine meet only be , substituted in one amido-group, and the 
monamine must possess a free para position. As an indamine is^ 
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always formed as an intermediate product, all three processes may 
be said to depend on the same reaction — i. e. an indamin^ is formed 
either from diamidodiphenylamine or from the diamine and one 
molecule of monamine. The monamine used in the second stage 
of the process must not be substituted in the amido-group, but 
the para position need not be free. As, however, certain mona- 
mines are not capable of reacting in this sense, as, for example, 
ortho substituted monamines such as mesidine and adjacent 
metaxyydine do not form saffranine with indamines [41], it may 
be conjectured that the monamine not only becomes connected 
through its nitrogen atom, but also through an ortho position in 
the ring, This assumption receives further confirmation from the 
fact that tfie formula of the simplest saffranine cannot be sym- 
metrical, as the amido-groups react differently. Two different 
dialkyl saffranines, each substituted in one amido-group, may be 
prepared, each yielding a diazo-eompound, and therefore each 
containing one free amido-group. 

Numerous formulae have been proposed to express the constitu- 
tion of the simplest saffranine in accordance with the above facts; 
that of Witt, however, alone fulfils the necessary conditions. 
According to Witt the formation of saffranine from the simplest 
indamine and aniline proceeds as shown in the following schematic 



Indamine. 

According to this assnxnjftion the aniline becomes connected 
with the nitrogen atom of the diphenylamine through its benzene 
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ring, and a derivative of triphenylamine is formed, the indamine 
link being dissolved. The nitrogen atom of the aniline simul- 
taneously enters one benzene chain of the indamine., in the ortho 
position to the diphenylamine nitrogen atom, and the nitrogen 
atoms become liuked and form the azine ring. This saffranine 
formula may be shortly written thus : — 

N 

h 9 n-c 6 h,<J 

N 


^c 6 h 4 , 


ci /x c 6 h,nh 2 


and corresponds completely with the properties of the compound, 

Here the amido-groups have different values, and this explains 
the isomerism of the alkyl-substitution products. The pentatomic 
nitrogen atom, simultaneously linked with chlorine and benzene, 
offers distinct reason for the stability of the monoacid saffranine 
salts. 

Further evidence is afforded by the fact that the saffranine 
base contains one molecule of water, and that other phenylazonium 
compounds have been prepared synthetically. 

Witt obtained such a compound by action of phenanthrene- 
quinone on orthoamidophenyl-/3-naphthylamine, 


H 2 N— C 10 H e — NH— C 6 H 5 , 


and ascribes the following formula to it : — 


N 

c 10 h 6 < I >c 14 h 3 . 


/ 

OH 



5 


The dyestuffs obtained by action of nitrosodimethylaniline 
or of quinonedichlorimide on phenyl-/3-naphthylamine are also 
probablj^members of this class of compounds [50, 52], 

The monoacid salts of the saffranine series are generally red ; the 
introduction of alcohol radicals into the amido-groups makes the 
shade more violet, while the introduction of methoxvl and ethoxyl 
groups into the benzene ring tends to produce yellower shades. 

The saffranines are dyed on cotton mordanted with tannic acid, 
and produce the shade of their mo^oacid salts. Unmordanted 
cotton is capable of fixing small amounts of saffranine. 

The diacid salts are produced by concentrated hydrochloric 
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acid and are blue ; the green triacid salts are obtained with con- 
centrated sulphuric acid. Both are only oapable of existence in 
presence of excess of acid, and are decomposed by water with 
formation of a monoacid salt. The bases may be obtained by 
decomposition of the sulphates with barium hydrate ; they are of 
the same colour as the monoacid salts* and are easily soluble in 
water. They form carbonates with carbonic acid. 

The saffranines yield leuco-compounds on reduction* which are 
pretty stable in acid solution* but are almost immediately oxidised 
to the origina^dyestuff in presence of alkalies. If the reduction 
be effected with acid stannous-chloride solution* one molecule of 
saffranine f is found to require one molecule of stannous chloride, 
showing that two atoms of hydrogen are required for the con- 
version of saffranine into its leuco-base. 

Phenosaffranine* by continued boiling with zinc powder and 
hydrochloric acid* may be converted into a very stable colourless 
base, c 18 h 18 n 3 0. 

Besides the reactions already mentioned* saffranines are also 
formed by action of amines on amidoazo-compounds [45]* by 
oxidation of the latter* and by oxidation of the mauveines [28] . 
The formation from amidoazo-compounds comes under one of the 
general methods* as it doubtless depends on the splitting up of the 
azo-compound into a paradiamine and ami ona mine. , 

The manufacture of the saffranines is always effected by the 
process which depends on the oxidation of one molecule of a 
paradiamine with two molecules of a monamine. The bases, 
necessary are obtained by reduction of amidoazo-compounds. 
Orthotoluidine ( ee Echappes*^ the recovered oil from Magenta- 
manufacture* consisting of orthotoluidine and aniline* may be used) 
is submitted to the action of sodium nitrite and hydrochloric acid* 
whereby a mixture of amidoazotoluene and orthotoluidine is 
obtained ; or* if Echappes are used* a mixture of amidoazotoluene* 
amidoazotoluenebenzene* amidoazobenzene* aniline* and ortho- 
toluidine is produced. The mixture is then reduced witn zinc or 
iron and hydrochloric acid* the result in the simplest case being the 
production of a mixture of one molecule paratoluylenediamine and 
two molecules of orthotoluidine* while the principal products from 
’ the mixture of bases are toluylenediamine and paraphenylenedia- 
mine with orthotoluidine and aniline. In any case the mixture is 
treated in dilute neutral solution with potassium bTchromate and 
boiled* or the oxidation may be effected by manganese oxide 
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(Weldon mud) in presence of an organic acid. The first product is 
an indamme which yields a saffranine on further oxidation with 
the monamine. Violet dyestuffs are formed along with the 
saffranine,, and these, being less basic, may be separated by soda and 
chalk, and the saffranine remaining in solution is salted out. 
The tolusaffranines are the only ones of importance, and their 
chief use is in cotton-dyeing. In conjunction with yellow dye- 
stuffs (chrysoidine, auramine, turmeric) they produce shades 
similar to Turkey red, but of course inferior as regards fastness. 
The saffranines are also used in silk-dyeing and produce beautiful 
rose shades. 

Phenosaffranine [ 22 , 1 , 2 , 3 ]. 

C 1S H 14 N 4 . 

This compound was first obtained by Witt by the oxidation of 
one molecule of parapkenylenediamine with two molecules of 
aniline' [4]. It may also be obtained by oxidation of equal 
molecules of aniline and paradiamidodiphenylamine [1]. 

The free base may be obtained by decomposing the sulphate 
with an exactly equivalent quantity of barium hydrate. On 
evaporating the resulting solution in vacuo , the base suddenly 
crystallises out in green leaflets, and is then found to have lost its 
easy solubility in water. 

The composition of the base dried at 100° corresponds to the 
formula 

C 18 H 16 N 4 0 = C 18 H 14 N 4 + H 2 0. 

At 150° it loses about \ molecule of water. 

Saffranine base is not very stable ; it loses ammonia on boiling 
with water. ^ 

The alcoholic solutions of the base and its salts fluoresce 
strongly, while this property is entirely absent in aqueous solutions. 

Th hydrochloride, C 18 H 14 N 4 ,HC1, crystallises from dilute hydro- 
chloric acid in brilliant green leaflets, and from water in long 
st eel-blue needles. Its solution has a fine red colour. It is pre- 
cipitated from its solutions by salt and by strong hydrochloric acid. 

Nitrate, Ci 8 Hi 4 N 4 TIN0 3 , forms green crystals sparingly soluble 
in water, and almost insoluble in dilute nitric acid [1, 2]. 

The sulphate , C 18 H 14 N 4 H 2 S0 4 , forms steel-blue needles. 

Platinum double salt [1], (C 18 H 14 N 4 HC1) 2 PtCl 4 , forms lustrous^ 
golden leaflets, insoluble in water. 
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Diacetyl-hydrochloride [1], (C 1S H 12 N 4 )(C 2 H 3 0)2HC1, is ob- 
tained by the action of acetic anhydride and sodium acetate on 
phenosaffranine hydrochloride. It forms lustrous brown leaflets, 
and dissolves in alcoholic potash with a violet colour. It is 
decomposed on boiling with dilute sulphuric acid, acetic acid and 
phenosaffranine being produced. 


Dictzo-compounds [1J. 


The diazo chloride, 


C 18 H 12 N 3 HC1 

X N=NC1, 


is formed by action of nitrous acid on the (blue) acid solution of 
phenosaffranine hydrochloride. The solution of the compound is 
blue like the diacid saffranine salts, but unlike these does not 
change colour on dilution. Its platinum double salt forms broad 
blue needles. 

The gold salt , C 18 H 13 N 5 C1 2 (AuC 1 3 ) 2 , forms greenish- grey needles. 
On boiling with water two molecules of nitrogen are evolved. On 
boiling the diazo-compound with alcohol the base C 18 H 13 N 3 is 
formed (see below) . 

A tetrazo-compound of saffranine may be obtained in solution 
by treating the green solution of phenosaffranine in concentrated 
sulphuric acid with nitrous acid [1]. The colour of the solution 
is not changed on dilution. On boiling with alcohol a violet base, 
forming yellow salts, is produced. The ehloidde of this compound 
is probably phenazinephenyl-chloride, 


I >c g h 4 , 

/ I 

Cl C 6 II 5 


the mother substance of the saffranines [43], It is interesting to 
note that the colour-reactions of this compound with acids are 
exactly the same as those of the acetylated saffranines, from which 
it appears that the acetylation has the same effect as the removal 
of the amido-groups [43], The compound in question is more 
easily obtained from the base^ C 18 H 1S N 3 , the intermediate product 
^in this case being a yellow diazo-compound. 
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u-Dimethylplienosaffranine [ 2 ], 

C 18 H 13 N 4 (CH 3 ) 2j 

is formed by oxidation of one molecule of dimethylparaphenylene- 
diamine with two molecules of aniline. 

The hydrochloride, C 20 H 18 N 4 ,HC1, is a magenta-red dyestuff 
known commercially as Fuchsia. 

The nitrate, C 20 PI 18 N 4 ,HNO 3 , forms lustrous green needles. 

Platinum double salt, (C 20 H 18 N 4 HCl) 2 PtCl 4 . 

fi-Dimethy Iphen osaff ranine [ 41 , 43 ]. ^ 

This compound, isomeric with the above, is obtained by oxida- 
tion of one molecule of paraphenylenediamine with one molecule 
of dimethylaniline and one molecule of aniline. Its nitrate forms 
brown leaflets. For the crystallographic comparison of the 
nitrates see [43]. 

Tetrametliylphenosaffranine [ 2 ]. 

C 18 H 10 N 4 (CH 3 ) 4 . 

This dyestuff is formed by oxidation of one molecule of di- 
me thylparaphenylenediamine, one molecule of dimethylaniline, 
with one molecule of aniline. 

Hydrochloride, C 22 H 22 N 4 ,HC1. 

Nitrate, C 22 H 22 N 4 ,HN0 3 , is a fluorescent dyestuff forming 
brownish-violet thick crystals. 

Diethyls affrctnines [ 1 ]. 

C 18 H 12 N 4 (C 2 H 5 ) 2 . 

a. From one molecule of diethylparaphenylenediamine and two 
, molec>4es of aniline, and 

yS. From equal molecules of paraphenylenediamine, diethyl- 
aniline, and aniline. 

The hydrochlorides of both modifications form brilliant green 
•needles, which are violet-red dyestuffs. 

The /3-hydrochloride is much more soluble in water than the 
a-compound, 

Platinum salt, (C 22 H 23 N 4 Cl) 2 PtCl 4 . 
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Acetyl derivatives [1]. — Both diethylsaffranin.es yield basic 
monoacetyl derivatives on heating with acetic anhydride and 
sodium acetate. The hydrochlorides possess the formula 

a 2 H 23 N 4 Cl,C,H 3 0, 

and form lustrous brown needles, soluble in water and alcohol 
with a violet colour. The alcoholic solutions do not fluoresce. 


Diazo-compounds* 

* r- 

When treated with nitrous acid the diethylsaffranines yield 
diazo-compounds, analogous to the primary diazo-compounds of 
phenosaffranine. The solutions have a greenish-blue colour. 

The chloride corresponds to the formula 

a 2 H 20 N 3 HCl-N=NCl. 

Platinum salt , C 2 2 H 21 N 6 Cl 2 PtC] 4 , forms almost black needles 
with a coppery lustre. 

The fact that both modifications of dimethyl- and diethyl- 
saffranine yield diazo-compounds, gives a certain proof of the 
presence of two amido-groups in saffranine. 

Two isomeric monoethylsaftranines may be obtained in an 
analogous manner. 

The constitution of the a - and /3-eompounds is probably ex- 
pressed by the formula 


(CH 8 ) 2 N-C e H 3 (|)c 6 H 4 . 

c\ x c 6 h 4 nh 2 

' cc-Dimetliylsaffranine. 


H 2 N— c 6 h 3 


/ N X 


C fi EL 


>X N / 

Cl X C 6 H 4 N(CH s ) 3 

/3-Dimethylsaflranine. 


(Compare Indamines.) 
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Tetraethylplienosajff ranine [ 1 ], 

C 18 H 10 N 4 (C 2 H 5 ) 4 ,, 

is obtained by oxidation of equal molecules of diethylparapheny- 
lenedi amine, diethylaniline, and aniline. It forms a zinc chloride 
double salt which forms beautiful crystals with, a golden-yellow 
lustre. It is a bluish- violet dyestuff and exhibits a magnificent 
fluorescence on silk, but is speedily altered on exposure to light. 
It is known in commerce as Amethyst-Violet. 

Platinum double salt , (C 26 H 30 N 4 ,HCl) 3 PtCl 4 . 

Tetraethylsaffranine does not react with either nitrous acid or 
r acetic anhydride. 

Two dyestuffs, the constitution of which has not been definitely 
ascertained, but which from their method of preparation belong 
to the saffranine series, are ftubramine and Girofle. 

Rubramine is prepared by acting on orthotoluidine with nitroso- 
dimethylaniline in hydrochloric acid solution. It comes into 
commerce as greenish-brown powder, and produces a fine red- 
violet shade on cotton mordanted with tannic acid. 

Girofle , probably a homologue of a- dimethylsaff ranine (Fuch- 
sia), is obtained by acting onxylidine with nitrosodimethylaniliue. 
It is used for shading alizarine violet and reds. 

Tolusqffranine [ 24 ]. 

^21^20-^4* 

Hydrochloride , C 31 H 20 N 4 ,HC1, forms fine reddish-brown needles 
soluble in water and alcohol. 

Platinum double salt , (C 21 H 30 N 4 HCl) 2 PtCl 4 , forms a yelloi^h- 
red crystalline powder. 

The nitrate , C 31 H 20 N 4 ,HNO 3 , forms reddish-brown needles 
sparingly soluble in cold water. 

Picrate , C 21 H 20 N 4 C 6 H 3 (]SrO 3 ) 3 , OH, forms reddish-brown needles 
insoluble in water and alcohol. 

Besides the ortho-compound, formed by oxidation of one mole- 
cule of paratoluylenediamine, there exists a second one which is 
formed from equal molecules of toluylenediamine, aniline, and 
orthotoluidine, and is distinguished from the former by its lesser 
solubility. Both come into commerce as hydrochlorides. The 
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latter, if prepared as usual from a mixture of aniline and tolui- 
dine, generally contains a lower homologue, C 30 H 18 N£ These 
dyestuffs differ but little in shade, and produce on silk, wool, and 
cotton prepared with tannic acid, tones about halfway between 
magenta and ponceau. Dyestuffs which are to be regarded 
as oxymethyl- and oxy ethyl- derivatives of phenosaffranine are 
produced by oxidation of paraphenylenediamine with two mole- 
cules of orthoanisidine or two molecules of orthoamidophenetol. 

The Orthoanisidine compound has probably the composition : — 

C 18 H 12 (OCH 3 ) 2 N 4 . 

Similar bodies are formed if the orthoanisidine is partly replaced 
by paranisidine or another primary monamine. These dyestuffs 
are especially characterized by their pure yellow shade. When 
dyed on silk they fluoresce strongly, the shades obtained resem- 
bling those produced by some of the eosines. Owing to their 
high price, however, they have not been used on a large scale. 


The compound C 18 H 13 N 3 [43, 49] has already been mentioned 
as the product obtained on boiling the primary diazo-compound 
of phenosaffranine with alcohol. Its salts have a magenta-red 
colour and do not fluoresce in alcoholic solution. Concentrated 

f 

sulphuric acid dissolves them with a yellowish-green colour, and 
on dilution the colour changes through green to red ; the blue 
phase does not occur. 

Nitrate , C 18 H 13 N 3 ,HN0 3 , forms brown, difficultly soluble 
needles. 

Zinc chloride double salt forms lustrous brown needles. 

Jffietyl derivative , C 18 H 12j N 3 C 3 H 3 0, is a violet compound forming 
yellow monoacid salts. 

The compounds obtained by Witt [52], and by Nietzki and 
Otto [50, 51], by action of nitrosodimethylaniline and of quinone- 
dichlorimide on phenyl-/3-naphthylamine in all probabilitj^fcelong 
to this series. 

By action of quinonedichlorimide on phenyl-/3-naphthylamine, a 
violet base is produced forming magenta-red salts. 

The compound dissolves in concentrated sulphuric acid with a 
violet colour which on dilution changes through dirty green into 
red. The composition of the salts may be expressed by the 
general formula C 22 H 15 N 3 . R. 
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Nitrate , C 23 H 15 N 3 ,HN0 3 , forms fine needles or thicker lustrous 
green crystals. 

The constitution of the coimpound is probably expressed by the 
formula [50] : — 



The product of the interaction of nitrosodimethylaniline and 
phenyl-yS-naphthylamine is a bluish-violet dyestuff, probably a 
dimethyl derivative of the former [52] : Neutral Blue. 

Nitrosodimethylaniline reacts with paratoluyl-/3-naphthyl amine 
also, and produces a bluish-violet dyestuff of the composition 

C 35 H 22 N 3 C1. 

From the salts, a red "base may be separated, which dissolves in 
alcohol with an orange-yellow fluorescence. 

The compound dissolves in concentrated sulphuric acid with a 
red- violet colour, which on dilution changes through green and 
blue to violet. The nitrate is very sparingly soluble [52]-. 

Saffranol. 

C 18 H 12 N 3 (OH) 2 . 

This ^ompound is formed by continued boiling of phenosaffra. 
nine with baryta water, or alcoholic potash solution. It may be 
regarded as phenosaffranine in which ' both amido-groups are 
replaced by hydroxyl. The compound agrees with this assumption 
inasmuch as it possesses simultaneously acid and weak basic 
properties. 

Saffranol forms brass-coloured leaflets, almost insoluble in 
indifferent Solvents, but easily in ammonia and alkalies with a 
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deep carmine-red colour. It is separated from these solution* n 
present P ''“ dUCeS ‘' ,e Sr " iUS ' y soIuble »' «n excess £ 

4JnoMe r lt‘Sr^: ,d ' ^ yi * 


Indazine M [53], 

Cl C g H, 

\ / 

(CH ) ) ! -N_C,H,<7 \ 

C„H„N,C1,= N — „ 

AT 

(CH 3 ) 2 — N— C 6 H 3 (^ / 

ci /n c 6 h 5 

is produced by action of nitrosodimethylaniline hydrochloride 
n diphenylmetaphenylenediamine. It dyes fine blue * 1 ,.,,] 
cotton prepared with tannic acid. “ UG Shades oa 


Basle Blue [541 

C K H s ,N.Cl=(CH ) ) 3 NC t H 1 (|)c„H s N-C I H 4 CH, 

ci c{i-i 4 ch 3 

nl,K S ^ Testuffis obtain cd by the action of nitrosodimethylaniline 
cl&ydra c on the ditolylnaphthylenediamine obtained by heaW 
«-dio X ynaphthalene (M.P. 180°) with paratoluidine and pmato 
lmdine hydrochloride. The dyestuff forms a brownish crystalline 
powder, soluble m water with a bluish-violet colour. It Lsolves 
m concentrated sulphuric acid with a greenish-blue colour^-hich 
on ddutron changes through green to violet, a bluish-vid e t- 

W J d beUlg f0rmed ‘ Basle blue is a basic dyestuff and is 
, dy6d ° n C0tt0ri P re P af ed with tannic acid and tartar emetic. 
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Azine Green [ 55 ] 

is analogous to the above in constitution, and results from the 
action of nitrosodimethylaniline hydrochloride on the diphenyl- 
naphthyl enediamine obtained from dioxynaphthylene, M.P. 216°. 

It is a basic dyestuff, producing dark green shades which are 
pretty fast. 

5. MAGDALA RED. 

This dyestuff has been long known, and was investigated almost 
twenty years ago by Hofmann [27] ; but from the recent researches 
of Julius [44] it appears that the earlier formula, C 30 H 21 ]Sr 3 , is 
incorrect, and that its composition is analogous to that of the 
saffranines, its formula being C 30 H 2 oN 4 . Accordingly Magdala 
red may be regarded as a saffranine of the naphthalene series. 
Indeed the great stability of the dyestuff, its properties, and the 
strong fluorescence of its salts are strong arguments in favour of 
this assumption. 

Magdala red is obtained by heating a-amidoazonaphthalene with 
a-naphthvlamine hydrochloride in glacial acetic acid solution. 
The yield is extremely small. A better yield is claimed in a more 
recent modification of the above process, in which a mixture of 
the hydrochlorides of a-naphthylamine and paranaphthylenedia- 
mine is heated with amidoazonaphthalene to 130-140° till the 
melt has a pure red colour. 

Analogous dyestuffs may also be obtained from mixtures of 
naphthylenediamine hydrochloride and amidoazobenzene, or with 
naphthylenediamineaniline and amidoazobenze [56] . 

Magdala red hydrochloride forms lustrous green needles, 
sparingly soluble in water, more easily in alcohol. The salt i^not 
decomposed by ammonia or caustic soda [27]. The sulphate 
forms large green needles [45]. The picrate and platinum double 
salt are sparingly soluble in alcohol. 

Ttf^ alcoholic solutions of the salts exhibit a magnificent yellow 
fluorescence, which surpasses that of any of the saffranines. The 
aalts dissolve in concentrated sulphuric acid with a bluish-black 
colour. 

■ Magdala red still finds a slight application in special cases in 
silk-dyeing, but owing to its enormous price has been almost 
entirely stJperseded by rhodamine * . 
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6. MAUVEINE [28]. 

C07H24N4. 

Mauveine was the first aniline dyestuff prepared on a large scale 
(Perkin, 1856), and is certainly closely related to the saffranine 
dyestuffs. Like these, it has strong basic properties, and gives 
similar reactions with sulphuric acid. Finally, a saffranine (para- 
saffranine, C 2 ,)H 1S ]NF 4 [28]) is formed by oxidation of mauveine in 
acetic acid solution. The fluorescence characteristic of alcoholic 
saffranine solution is, however, absent with mauveine. 

Free mauveine forms a black crystalline powder, insoluble in 
water, soluble in alcohol with bluish-violet colour. It is a strong 
base, taking up carbonic acid from the air, and capable of ex- 
pelling ammonia from its salts. 

It forms three series of salts with acids, and these are exactly 
analogous to those of the saffranines. The triacid salts are green, 
and only obtainable with concentrated sulphuric acid. The 
diacids are blue, and, like the former, are decomposed by water. 
The monoacid salts are crystalline, have a reddish-violet colour, 
and are stable. 

The mauveine salts do not produce their characteristic reddish- 
violet colour when dyed on wool, but the shade is the bluer one 
of the free base. 

Hydrochloride , C^HaJ^IICl, forms small lustrous green 
prisms, sparingly soluble in water, easily in alcohol. 

Acetate , C 2 7H 2 4N 4 ,C 2 II 4 0 2 , forms lustrous green prisms. 

Carbonate } green prisms with a metallic lustre. Is decomposed 
on boiling or drying. 

Qlatinum double salty (C 27 H 24 N 4 ,HCl) 2 PtC] 4 , forms large golden 
crystals, sparingly soluble in alcohol. 

C 27 H 2 4 N 4 (HCl) 2 PtCl 4 , dark blue precipitate. 

C 27 H 2 4 N 4 , AuC 1 3 , crystalline powder. 

Ethyl derivative , C 2 7 H 23 (C 2 H 5 )N 4 , is formed by action of^thyl- 
iodide on mauveine in alcoholic solution. 

Hydrochloride ? C 20 H 28 N 4 ,HC1, forms a reddish-brown crystalline 
powder, sparingly soluble in water, easily in alcohol, forming a 
purple solution. 

(OjaHagN^HCljgPtClA, golden-green precipitate. 

Iodide , C 2 aH 28 N 4 ,HI,I 2 , golden-green crystals. 
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Pseudomauveine, C 24 H 2 oN 4 , is obtained by oxidation of pure 
aniline, and is very similar to mauveine. 

A dyestuff probably identical 'with pseudomauveine has been 
obtained synthetically by Fischer and Hepp, by action of para- 
nitrosodiphenylamine on aniline hydrochloride [51], 

Hydro chloride , C 2 4H 20 N 4 ,HC1, green crystals. 

Platinum double salt } (C 2 4H 2 oN 4 ,HCl) 2 PtCl 4 . 

The mauveine dyestuffs are formed, although only in small 
quantities, by oxidation of primary monamines in neutral solution 
with potassium bichromate, cupric chloride, lead peroxide, and 
other oxidising agents. It has not been determined with certainty 
what monamines are capable of yielding dyestuffs of this class ; but 
it is probable that the mauveine C 27 H 24 N 4 is formed from three 
molecules of toluidine (ortho and para?) and one molecule of 
aniline, according to the equation : — 

3C 7 H 9 N + C 6 H 7 N = C 27 H 24 N 4 + 10H. 

It is not certain if the violet coloration obtained with bleach ing- 
powder and aniline solution is due to the formation of mauveine, 
although this is generally stated. 

Mauveine is now of little but historical interest. It was 
obtained first by Perkin by oxidation of (impure?) allyltoluidine 
with potassium bichromate. It is still manufactured in small 
quantities, ancl used in printing English postage-stamps and for 
tinting silk for production of white. At present mauveine salts 
are met with in commerce under the designation Rosolane. 

A synthetical process for production of a series of saffranine 
dyestuffs closely related to mauveine is the subject of a recent 
patent. It consists in the oxidation of one molecule of para- 
midodiphenylamine, or one of its homologues, with two molecules 
of aniline, orthotoluidine, or xylidine [58]. ^ 

The dyestuffs have a violet colour, and in general closely 
resemble the mauveines. 

Mauveine may be regarded as a phenyl at ed saffranine, 
C 2 iH^ 4 (C 6 H 5 ). .Certainly the violet dyestuffs obtained by 
action of aniline on saffranine are totally different from mauveine, 
and apparently belong to the Induline series. The fact that 
mauveine cannot be obtained in this manner is, however, no 
argument against the assumption that it is a phenylsaffranine, as 
all these dyestuffs undergo a complete change in constitution on 
boiling with^miline. 
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CHAPTER Till. 

ANILINE BLACK. 

Most oxidising agents acting in acid solution produce a peculiar 
dyestuff with aniline salts. This body is characterised by its 
dark colour, and its sparingly solubility in most solvents. Its 
formation lias been observed by the action of the following 
agents : — Manganese dioxide [1] $ lead peroxide, chromic acid [2]; 
ferric salts [3] ; ferricyanides [3] ; permanganates [5]; chloric acid 
alone [6], or chlorates in presence of certain metallic salts [7], 
amongst which vanadium, cerium, and copper compounds are 
the most effective. In all cases these oxidising agents withdraw 
hydrogen from the aniline molecule. 

The formation of aniline black from chlorates and the above- 
mentioned metallic salts is especially <)f interest, inasmuch as 
very small quantities of the latter suffice for the oxidation of 
relatively large quantities of aniline. Yanadium has the most 
powerful action in this respect. According to Witz [8], one part 
of vanadium, aided by the necessary amount of a chlorate, is 
sufficient to convert 270,000 parts of an aniline salt into aniline 
b]flck. After vanadium, cerium and copper are the most effective, 
iron having considerably less action. 

It is evident from this that the metallic compounds act only 
as oxygen-carriers. From the fact that only those metals which 
form several oxygen or chlorine compounds are capabl<5*of pro- 
ducing the desired action, it is probable that the higher metallic 
oxides effect the oxidation of the aniline, and that these oxides 
are continuously regenerated by the chlorate present. 

If cupric chloride is applied with an insufficient quantity of 
chlorate, it is possible to detect the formation of cuprous chloride 
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in tlie mixture. For the production of aniline black from solu- 
tions it is necessary that the latter be acid. The formation of 
black from chlorate and copper salts may, however, take place in 
presence of excess of aniline, if the mixture be allowed to dry, as 
is the case in black-printing. 

The formation of aniline black from chloric acid and aniline 
likewise only takes place on drying. Chlorate of aniline is pretty 
stable in solution, but if the crystallised salt be dried, it is con- 
verted into aniline black, which generally retains the crystalline 
form of the chlorate [33]. Finally, aniline black is formed at 
the positive pole on the electrolysis of salts of aniline [10, 16]. 

The substance formed in all these reactions exhibits nractically 
the same properties. It consists principally of a compound of 
weak but distinctly basic character. The base in the free state 
has a dark violet, almost black, colour, while its salts are dark 
green. The latter are unstable and partly decomposed by water. 
It is, however, difficult to remove the whole of the acid by washing. 

The base is almost insoluble in most solvents. It dissolves 
with difficulty in aniline with a violet colour, which on long 
standing changes to brown [11]. 

It dissolves somewhat more easily in phenol/ with a bluish- green 
colour. With concentrated sulphuric acid it forms a violet 
solution, from which wat^ precipitates the dark green sulphate. 
With fuming sulphuric acid it yields sulphonic acids differing 
according to the temperature and duration of the reaction. The 
sulphonic acids are green in the free state, and form easily 
soluble salts with the alkalies. These latter have a violet-black 
colour. 

The instability of the salts of aniline black renders it difficult 
to obtain them with a constant amount of acid. The hydro- 
chloride loses hydrochloric acid on drying, and does not form a 
definite compound with platinum chloride. • 

With ^etic anhydride, aniline black yields an acetyl derivative, 
which possesses little colour, and which is insoluble in concen- 
trated sulphuric acid [34]. 

Methyl and ethyl iodides appear to produce substitution- 
derivatives, but differ only slightly from the original compound 
[34]. On treating with potassium bichromate, aniline black 
gives a violet-black compound,* which contains chromic acid and 

9 o 
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appears to be the cbromate of the black base (Chrome-black) 
[34]. It is not turned green by acids. 

Energetic oxidising agents, for example chromic acid in a 
strongly acid solution, convert aniline black into quinone [34]. 
lteducing agents form an insoluble leuco-compound, which 
oxidises slowly in presence of acids, and rapidly in presence of 
alkalies, aniline black being reproduced. 

If the reduction be more energetic, — for example, with tin and 
hydrochloric acid, or hydriodic acid and phosphorus, — the black 
is completely split up, par aphenylenedi amine, paradiamidodiphe- 
nylamine [34], and small quantities of diphenylamine being 
formed. If the black is submitted to dry distillation, aniline, • 
paraphenylenediamine, diamidodiphenylamine, and diphenylpara- 
phenylenediamine are produced [33], 

By continued action of aniline on aniline black, products 
resembling the indulines are formed. One of these has been 
isolated, and is a blue dyestuff of the formula, C 36 H 29 N 5 or C 36 H 31 N 6 
[18]. ■ 

This substance resembles the’ indulines, the base having a red 
colour in alcoholic or ethereal solution, while the salts are blue. 
It probably bears the same relationship to aniline black as the 
higher indulines discovered by Witt and Thomas do to the indu- 
line C 18 H 15 N 3 . (See page 202.) ^ 

The numerous analyses made of aniline black show that it is 
formed from aniline by simple abstraction of hydrogen. The 
values obtained approximate nearly to the simple expression, 
C«H rj N, Naturally the molecule corresponds to a multiple of 
this formula, but the instability of the salts has hitherto rendered 
it impossible to determine the molecular formula accurately. 

^ The following formulae have been proposed by investigators in 
this direction : — 

' 1. C 12 H K) N 2 . 

2. C 18 H 15 N 3 . 

3. C 24 H 2a N 4 . 

4. C 3u H 25 N 5 . 

No, 1 was proposed by Kayser [12], No. 3 by Goppelsroeder 
[15], and Nos. 2 and 4 are due to Nietzki. 

Formula No, 4 was based principally on the .formation of the 
above-named blue dyestuff, which was regarded 'as phenylated 
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aniline black, C 30 H 25 N 5 — C 6 H 5 . Since tlien, however, Witt [27] 
has shown that from the induline C 1S H 15 N 3 dyestuffs may be pro- 
duced by the action of aniline, which contain five nitrogen atoms 
in the molecule, so that this argument for the formula C 30 H 25 N 5 
becomes useless. 

Determinations of the amount of hydrogen required to convert 
aniline black into its leuco-compounds point nearly to two atoms 
of hydrogen for the formula C 18 H 15 ]Sr 3 . This appears to be the 
correct molecular formula [9] . The fact that the analysis of the 
black gives throughout slightly lower values for the hydrogen, 
renders it possible that the formula C 18 H 13 N 3 may be accurate. 

Some conclusions as to the constitution of aniline black are 
obtained from its decomposition on oxidation and reduction. The 
'production of quinone in the former, and of paraphen yl amine, &c., 
in the latter, render it apparent that the nitrogen atom of one 
benzene residue enters the chain of another benzene residue in the 
para position to the nitrogen atom. Goppelsroedeffs formula [15] , 
in which the benzene chains are represented as linked in a circle 
of imido-groups, corresponds to this view to a certain extent. This 
entirely symmetrical formula, however, does not account for the 
tinctorial character of the compound in a satisfactory manner ; 
and from the formation of a stable leuco- compound it may be 
deduced that in all probability at least two nitrogen atoms of the 
molecule are linked together. 

Liechti and Suida [33] regard the black from aniline chlorate 
as a chlorinated product. This is improbable, as on treating 
with concentrated sulphuric acid, hydrochloric acid is evolved, and 
a sulphate almost free from chlorine is produced. 

The adoption of similar processes with orthotoluidine results in 
the formation of a compound probably homologous with aniline 
black, of the formula C 7 H 7 N [34] . 

This compound resembles aniline black in all its properties. 
The salts# are dark green and the free base is bluish black. The 
latter differs from aniline-black base by the fact that it dissolves 
; in chloroform with a bluish-violet colour [34] . 

Paratoluidine does not form an analogous compound on oxidation. 

Besides the compound described in detail, aniline black gener- 
ally contains others. One of these is the product of a less 
energetic oxidation, and is distinguished from the former com- 
pound by the brighter green colour of its salts and a brighter violet 

o 2 
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colour of the free base. It also possesses a considerably higher 
degree of solubility in alcohol, acetic acid, &c. It dissolves in 
concentrated sulphuric acid with a red-violet colour. This sub- 
stance is probably the principal constituent of the dyestuff 
formerly sold as Emeraldine, and is probably identical with the 
product formed by oxidation of paraphenylenediamine with 
diphenylamine [17]. 

An interesting reaction in which emeraldine is formed was 
observed by Caro [16}. If aqueous solution of free aniline is 
oxidised with potassium permanganate, and filtered from the 
separated manganese dioxide, the filtrate is a yellowish liquid, 
from which ether takes up a yellow amorphous compound. This 
latter is converted into a green salt of emeraldine by mere contact 
with acids. A substance possessing the properties of emeraldine 
is formed simultaneously with quinone by oxidation of paramido- 
diphenylanline. A larger yield is obtained if this base is oxidised 
with an equivalent of aniline, and in this case quinone is not 
formed [17]. On further oxidation emeraldine yields a darker 
coloured compound, but it is doubtful if this is aniline black. The 
formation of emeraldine from paraphenylenediamine and di- 
phenylamine leads to the supposition that it is a phenylated 
indamine of the formula : 

HN==C a II 2 ^rr 

C g TI 5 N— C c H 4 

On further oxidation, especially with chlorinating agents, ani- 
line black yields a darker product which is no longer turned 
green with acids. 

On boiling the acetate or the hydrochloride of aniline black 
with aniline, a mixture of dyestuffs is formed, one of which, a base 
of the composition C 36 H 29 TSr c , has already been mentioned. The free 
base dissolves in ether with magenta-red colour; its salts 'frith 
acids are insoluble in water, soluble in alcohol witk^a blue 
colour [18]. 

C 86 H 29 N 5 ,HCL crystallises from alcohol in small needles which 
have a coppery lustre. 

(C 3 GH^N 6 ,HCl) 2 PtCl 4 forms a violet > precipitate sparingly 
soluble in alcohol. 

C 36 H 29 N S ,HI is similar to^the hydrochloride. 

C 36 H 29 TSr 5 ,C 6 H 2 (N0 2 ) 3 0H, sparingly soluble precipitate. 
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TECHNICAL ANILINE BLACK. 

Aniline black in substance is scarcely ever prepared in the 
colour manufactory, but is always produced directly on the fibre. 
It has an extended application in calico-printing and cotton- 
dyeing, but as yet is of little service in wool-dyeing. For aniline- 
black printing innumerable recipes have been published and 
patents taken, all depending on one or other of the methods of 
formation mentioned in the introduction to this chapter. 

The oxidising agent most generally employed is potassium (or 
sodium) chlorate in presence of copper salts [7]. As soluble 
copper compounds are liable to attack the iron portions of the 
printing-machine, copper sulphide [19] is used. On printing, 
this .is partly converted into copper sulphate, which then enters 
into the reaction. 

For example, a mixture of aniline hydrochloride, potassium 
chlorate, and copper sulphide, thickened with starch, is printed. 
The printed goods are then aged in a moist room, at a temperature 
of about 30°, and the oxidation of the sulphide to sulphate and of 
the aniline to black takes place. 

Vanadium compounds (vanadic acid and vanadium chloride) 
have been proposed as substitutes for copper sulphide, but without 
ruudh practical success. Potassium ferrocyanide and ferricyanide 
are also used to a certain extent. A mixture of these salts with 
aniline salt and potassium chlorate is printed, and the goods aged. 
The probable action is that the ferricyanide oxidises the aniline, 
and is continuallyregenerated from the ferrocyanide formed by the 
chloric ,acid present. Thus these salts play the part of oxygen 
carriers in a similar manner to the copper and vanadium com- 
pounds. In the opinion of technologists, the black produced by 
this process differs somewhat in its properties from that obtained 
with c&pper, but this may be ascribed to the presence of prussian 
blue in the former. In place of the aniline hydrochloride and 
potassium chlorate, a mixture of aniline sulphate and barium 
chlorate has recently been employed in black -printing. 

In printing it is absolutely necessary that the formation of 
black' should not take place in the liquid mixture, as in this case it 
would soon become useless. Oxidafits, like chromic acid, mangas 
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nese dioxide, &c., which act directly on tlxe aniline, cannot be 
employed in printing. 

In cotton-dyeing, however, the case is just the opposite, as the 
black formation should be as rapid as possible. 

For this purpose the formation of black is often effected by the 
action between manganese dioxide and aniline salts. 

The goods are treated with manganese chloride, and then passed 
through an alkaline bath whereby manganous oxide is precipitated 
on the fibre. A subsequent oxidation by air or by a bath of 
chloride of lime serves to convert this into peroxide, a bottom of 
the so-called manganese-bronze being obtained. On passing into 
an acid solution of aniline, aniline black is precipitated on the 
fibre in a firmly adherent condition. 

However, chromic acid is the oxidant generally employed. An 
aniline solution containing free sulphuric acid is mixed with a 
soluble bichromate^ and the goods entered. On heating, the black 
is precipitated on the fibre. In all cases the aniline-black salt 
formed is converted into the free base by a w r eak alkaline bath 
(soda, soap, or chalk) , 

It is merely a matter of conjecture at present if the black 
produced on the fibre is identical with the products examined in 
the free state. 

The conditions employed in black-panting differ considerably 
from those when the compound is prepared in substance; for ex- 
ample, the formation of black from aniline salts, chlorates, and 
metallic salts only takes place in presence of a considerable excess 
of acid. In printing, on the other hand, an excess is avoided, 
as it would tend to injure the fibre during the ageing process, and 
. besides would form the black in the liquid printing-mixture. 

^For this reason an excess of aniline is generally used, and in 
addition a part of the aniline hydrochloride may be replaced by 
the tartrate. 

Such a mixture does not form black even on long standing; 
this first takes place when the mass has somewhat dried on the 
fibre. 

In general tlie oxidation appears to go further than when 
working in solution. 

The black prepared in substance is converted into dark green 
salts by acids, and this property is often a serious drawback to 
fthe black on fibres. This “ greening/'’ as it is called, is produced 
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on the goods by acid vapours, for example, by the sulphurous acid 
produced *by the combustion of coal-gas in work-rooms. 

This greening may be avoided or, at any rate, reduced to a 
minimum, by energetic oxidation. The compounds produced in 
this manner are certainly different from the one described, and 
are probably its higher oxidation or chlorination products. 

Sometimes the goods are submitted to a subsequent treatment 
to prevent greening. This may consist in passing through a bath 
of bichromate (formation of aniline-black chromate) or of- dilute 
bleaching-powder. 

Aniline black dyed on fibres is one of the fastest colours. It is 
stable against soap, is only slightly attacked by light and air, and 
is capable of withstanding a slight treatment with chlorine. 
More chlorine turns it reddish brown. 
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CHAPTER IX. 

« INDULGES AND NIGRO SINES. 

The dyestuffs included in this classification comprise a series of 
colouring-matters produced by action of azo-, nitro-, and nitroso- 
compounds on aromatic amines. They comprise a great variety of 
shades, from red through blue to almost black. 

The indulines are formed in a great number of reactions. 
Nearly all azo-, azoxy-, and amidoazo-compounds, if heated with 
salts of aniline or other aromatic amines, produce indulines, and 
the dyestuffs formed on oxidation of aromatic amines under 
certain conditions belong in all probability to this class. It is 
difficult to say with certainty to what extent the products of 
different reactions are identical with one another. 

The nitroso-derivatives of secondary and tertiary aromatic 
amines also react with aniline and its analogues, producing indu- 
lines ; and to the study of this reaction and that of the amido- 
azobenzene process we owe our present knowledge of the compo- 
sition and structure of the indulines. Researches in this direction 
have been made by. Caro and Dale [21], Martius and Griess [22], 
Hofmann and Gcyger [23], and Fischer and Hepp [35]. 

The lower members of the induline series are soluble in water, 
the higher ones in alcohol. . 

The nigrosines comprise that section of these dyestuffs produced 
by action of nitro-compounds on aniline hydrochloride in presence 
of ferrous chloride. The method employed technically for pro- 
duction of indulines consists in heating aniline hydrochloride with 
amidoazobenzene. If the reaction be carried out at a low tempe- 
rature, and especially if the mixture contains an excess of aniline 
hydrochloride soluble indulines are produced in largdr quantity. 
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while with a protracted reaction insoluble indulines, generally of 
bluer shade, are formed. 

’ Induline C 18 H 13 N 3 is formed by heating an amidoazobenzcne 
melt for 10 minutes at 140°. Another induline, C 24 H 13 N 4 , is also 
formed (see below), and is separated by the less solubility of its 
acetate in water. 

The base, C 18 H 13 N 3 , forms needles with a green metallic lustre, 
M.P. 135°; the salts are easily soluble in water and dye reddish- 
violet shades. 

The indulines are derivatives of phenazine; the simplest has the 
constitution : — 


c 6 h 3 ^ >c 6 h 4 

I N =C 18 H 13 N 3 . 

I I 

NH C 6 H 5 

From this the higher indulines are formed by introduction of 
anilido-groups, by phenylation, and by introduction of the rest of 
paraphenylenediamine. This latter reaction always takes place in 
a normal induline melt, the paraphenylenediamine being formed 
from decomposition of amidoazobenzene. 

Induline [36] is produced by operating in a manner 

similar to above, the temperature of the melt being about 150°. 
The melt is extracted wdtli a solution of acetate of soda under 
pressure, whereby the induline, C 24 H 18 N 4 , goes into solution, and 
the free base precipitated by an alkali. The base forms lustrous 
leaflets soluble in alcohol with magenta-red colour. The hydro- 
chloride forms bronzy crystals soluble in warm water with a 
bluish-violet colour. It dyes bluish- violet shades. ^ 

Azophenine , C 30 H 24 N 4j is a constant product of the induline melt 
and plays an important part, especially in the production of higher 
indulines. It is formed also by the action of various nitroso- 
comgoflnds on aniline and aniline hydrochloride, the best result 
being obtained by paranitrosodiphenylaruine. It may be produced 
synthetically by action of aniline on dianilidoquinone. This 
synthesis and the production of dianilidoquinone on heating azo- 
phenine with sulphuric acid explains its constitution, which is 
that of a dianilidoquinonedianil : 
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fN.C 6 H, 

J NH . C 6 H 3 
NH.CJV 
(.N.C 6 H 5 

Azophenine forms red leaflets, M.P. 240°, which are insoluble 
in alcohol and ether, but soluble in aniline, benzene, and toluene 
[27, 28]. On heating the melt containing azophenine, other 
indulines are formed, amongst which the following, investigated 
by Witt and Thomas, may be mentioned : — 

Induline B, C 18 H 13 N 8 , Azodiphenyl blue. 

Induline 3 B, C 30 H 23 N 5 . The hydrochloride is sparingly soluble 
in alcohol. 

Induline 6 B, C 30 H 27 N 5 . This is the best characterised of the 
induline series. Its hydrochloride forms well-defined crystals 
which are insoluble in alcohol. Its sulphonic acid dyes wool a 
pure blue shade. This induline is probably a phenazine produced 
by action of aniline on azophenine according to the equation [37] : 


-NC 6 H 5 C 6 H 5 NH\ j 

-nhc.h! + c « h sNH 5 = c 6 h 5 nh>h 8 < 


-NC.H. 


C.H.N 


C 6 H 5 

According to Wichelhaus and y. Dechend induline B is also 
formed by action of nitrobenzene on aniline hydrochloride, a reac- 
• tion also observed by Staedeler. An interesting method of obtaining 
this body is by heating the aniline salt of phenylamidobenzene- 
sulphonic acid (Tropaolin 00). In this case sulphanilic acid 
splits off. Azodiphenyl blue is also obtained by action of azoxy- 
b^nzene on aniline hydrochloride [24] . 

According to Wichelhaus and v. Dechend a new colour-base— 
Triphenylenediamine, C 18 H 12 N 2 — is formed on heating the hydr<jff 
chloride of azodiphenyl blue to 230° [24] . 

On k large scale the indulines are prepared by heating a mixcure 
of amidoazobenzene, aniline hydrochloride, and free aniline to the 
boiling-point of the latter. Keddish-violet compounds are first 
formed which gradually change to blue. 

The first products of the reaction are simple soluble indulines 
and azophenine, and from these the higher products are formed by 
j^henylation. In all probability commercial induline contains a 
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mixture of dyestuffs. Paraphenylenediamine and diphenyl amine 
are formed as bye-products in the induline melt. 

According to Caro a soluble induline is formed by heating 
amidoazobenzene hydrochloride with neutral aniline hydrochloride 
to 100° with a little water [29]. This induline may be h £ed on 
tannined cotton. 

An apparently different soluble induline is described by Istel as 
being formed on heating 2 ^ parts aniline hydrochloride, 1 part of 
amidoazobenzene chloride, and 6 parts of water to 70 o ~80°>C. for 
twenty -four hours. The new dyestuff gives a blue solution with 
water, and exhibits a reddish-brown fluorescence. It dyes on 
tannined cotton, and may be also fixed on unmordanted cotton 
from a bath containing common salt or acetate off soda. The 
shades on tannined cotton are very fast to light [38] . 

Indulines have also been prepared technically by heating azo- 
benzene with aniline hydrochloride [25] . 

Recently a number of patents for the production of soluble 
indulines have been published. These are based for the greater 
number on the substitution of a diamine, generally paraphenylene- 
diamine, for the aniline in the usual induline melts. A short 
summary only of these processes can be given here. The most 
important of these consists in heating amidoazobenzene hydro- 
chloride with paraphenylenediamine to 180° for three or four 
hours. A similar product is obtained with amidoazotoluene. 
The dyestuffs obtained by this process have found technical appli- 
cation, and are known in commerce as Paraphenylene Blues 
[39,40], 

Metaphenylenediamine may also be used, but the products are 
not so fast to light. Triamidoazobenzenes (Bismark brown) and 
Chrysoidine give soluble indulines on heating with paraphenylei^- 
diamine. 

Soluble indulines are also obtained : — (1) By heating spirit- 
soluble Jmdulines, azophenine, quinone, chloranil, azobenzene, azo- 
toluene, or oxyazobenzene with paradiamines (Poirrier). (2) 
^By heating diamidoazoxybenzene with aniline and aniline hydro- 
chloride, (3) By heating nitro-derivatives of the amines with 
aniline &c. in presence of ferrous chloride. (4) By heating the 
azo-derivatives of naphthylenediamine [1, 5] with paraphenylene- 
diamine and benzoic acid. 
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The nigrosines are prepared by heating a mixture of nitrobenzene, 
aniline, hydrochloric acid, and iron filings to 180°-, 220°. The 
colour of the mixture changes through reddish violet to deep 
blue, % They are also prepared by heating a mixture of crude 
nitrophenol (mixture of ortho and para) with aniline hydrochloride 
and iroii filings. The nigrosines possess a more greyish shade 
than the indulines, but it is not known with certainty if the 
colouring-matters are different. A series of similar products to 
the nigrosines and indulines are formed by oxidation of pure 
aniline with arsenic acid, but the exact relationship of these dye- 
stuffs one to another is unknown. G. Wolf [31] has published a 
series of formulae for these bodies, which cannot, however, be 
looked upoff as trustworthy, as the necessary analytical data are 
not given. 

The violet dyestuffs of magenta residues differ from the indu- 
lines in so far that they give a brown solution with sulphuric acid, 
while all the latter give a blue. 

Sul phonic acids of the indulines and nigrosines are also known. 

The sodium salts of the sulplionic acids of various indulines 
come into commerce under the names of Fast Blues, Blackley Blue, 
Indigo substitute, &c. The difference of the various marks depends 
on the shade of the induline sulplionated and the number of sulpho- 
groups introduced. 

The indulines are mostly insoluble in water both in form of 
bases and salts, but are soluble in alcohol. The solutions of the 
bases’ are red to reddish violet, the salts are bluish violet, blue, or 
bluish grey. They are soluble in concentrated sulphuric acid with 
a pure blue colour, the sulpho-acids have the same colour as the 
salts of the original induline, and the salts of the sulpho-acids have 
the same colour as the free bases. 

The indulines are destroyed on oxidation, quinone being formed,*' 
reducing agents produce easily oxidisable leuco-compounds. 

The nigrosines have similar properties. 0 

Spirit-soluble indulines and nigrosines are employed as hydro- 
chlorides, and are principally used for colouring varnishes. Spirit-, 
soluble indulines are applied in printing by a peculiar process. 

' They are printed in combination with tannin and the acetic ethers 
of glycerine (monoacetine, diacetine) ; on steaming, these ethers 
are decomposed, and the liberated glycerine effects the combination • 
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of the induline with the tannin and the tannin lake with the fibre 
(Ace tine" blue). 

Another process for printing consists in the application of a 
mixture of induline and levulinic acid along with tannic acid, 
the colour being fixed by steaming [41] . 

The soluble (sulphonated) indulines are dyed on cotr bn mor- 
danted with tannin and tartar emetic, a considerable amount of 
alum being added to the dye-bath. Wool may be dyed directly 
from an acid bath, the induline generally being used in combina- 
tion with other acid colours. Silk is dyed in a bath containing 
boiled-off liquor, the shades being brightened by .addition of sul- 
phuric acid. 

Soluble indulines of the unsulphonated class are basic dyestuffs, 
and are principally used in cotton-dyeing on a mordant of tannic 
acid and tartar emetic. 


Hosindulines [ 42 . 43 , 44 ]. 

These dyestuffs are indulines of the naphthalene and benzene- 
naphthalene series. 

Nitrosoetliyl and nitrosophenyl naphthyl amine, if heated with 
aniline, produce a deep-red dyestuff, and an analogous compound 
is obtained by heating naphthoquinone and certain of its deriva- 
tives with aniline and aniline hydrochloride. The latter dyestuff 
yields sulphonic acids which dye animal fibres brilliant bluish or 
hrownish-red shades. The sodium salt of one of these acids is 
known as Azocarmine. The rosinduline from nitrosophenyl and 
naphthylamine and aniline has the composition C 38 H 19 N 3 . It forms 
reel monoacid and green diacid salts, the latter are decomposed by 
water. Hydrochloride, (Co 8 H 19 N 3 HC1)2 + liH 2 0, reddish-brown 
prisms soluble in water and alcohol. Sulphate, C 2 S H 19 lSr 3 H 2 S 04 + 
H 2 0, The constitution of the base may be expressed by the 
formula : 
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Fluor inclines. 


These comprise a series of weak dyestuffs discovered by Caro 
and Witt, the type of which is obtained by heating azophenine 
with concentrated sulphuric acid or with zinc powder. The for- 
mation kf this compound; which contains two azine rings, may be 
represented by the following equation : — 


C c H 5 NH\ /NC.H, 
C 8 H a N / c « u ^NHC 6 H a 


— 4H = 



Fluorindines are also produced by heating orthodiamines and 
by heating a mixture of diamidophenazine and orthophenylene- 
diamine [45], 

The fluorindines are blue or violet compounds. In sulphuric 
acid or alcoholic solution they exhibit a magnificent brick-red 
fluorescence which is very characteristic. 
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CHAPTER X. 

QUINOLINE AND ACEIDINE DYESTUEES. 

Quinoline and Acridine and their homologues belong to the 
chromogens. The chromogen character is but slight, and is only 
inconsiderably developed by introduction of amido-groups. The 
simple amido bases form yellow salts, which are, however, not 
dyestuffs. These are formed, however, by introduction of an 
amidated benzene residue. 

This is the case with flavaniline and chrysaniline, which are 
derivatives of phenylquinoline and phenylacridine respectively — 


N 



Another class of dyestuffs is known in which quinoline does not 
^appear to be the real chromogen. The fact that these bodies 
cannot^be obtained from pure quinoline, but only in presence of 
its homologues, gives reason for the assumption that they are 
analogous to the phenylmethane dyestuffs, and that a methane 
carbon atom links together several quinoline rings. 

These dyestuffs include the cyanines, quinoline red, and pro- 
bably quinoline yellow (?) . 
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Cyanine [ 2 , 3 , 4 , 5 ]. 

Ox\ heating a mixture of quinoline and lepidine (methylquino- 
line) [\] with, an alkyl iodide in presence of an alkali, a blue dye- 
stuff is formed, which contains one molecule of each of the bases 
and the alcohol radical used twice. It is also formed by treating 
a mixture of the alkyl iodide compounds of quinoline and lepidine 
with ajkali [4], One molecule of hydriodic acid is split off and 
the iodide of cyanine formed. 

The cyanines are strongly basic compounds ; the iodine can 
only be removed from the iodides by silver oxide. 

The monoacid salts are crystalline and of a beautiful blue 
colour. With weak acids, often even with carbonic acid, they are 
converted into the colourless di-acid salts [2, 5]. 

The cyanines dye blue shades, which are, however, too sensitive 
to light and acids to be of practical value. 

Dimethylcyanine [4]. — The iodide C 21 H 19 N 2 I is formed from the 
methyl iodides of quinoline and lepidine. It forms lustrous 
green needles, M.P. 291°. Its blue solution is decolorised by 
carbonic acid. The ethyl iodides of the above bases form the corre- 
sponding cyanine iodide C^H^Ng!. 

An isomeric cyanine is formed if quinaldine is used in place of 
lepidine [4], ^ 

Isoamyl cyanine, discovered by Greville Williams [5] and ex- 
amined later by Hofmann [2], is best known. According to Hof- 
mann it is formed from pure lepidine and possesses the composition 
C 3 oH S 9 N 2 I. In all these iodides the iodine may be replaced by 
other acid radicals. 

» It is possible that the cyanines are constituted similarly to the 
phenylmethane dyestuffs, the methyl group of the lepidine fur- 
nishing the methane carbon atom. The cyanines belong to the 
earliest artificial dyestuffs, the first representative having been 
discovered by Greville Williams in 1856. 

Quinoline Bed 

is obtained by action of benzo-trichloride on coal-tar quinoline in 
presence of zinc chloride [1,6]. According to Hofmann's re-' 
searches there are two different dyestuffs of this qlass, one of 



QUINOLINE AND ACRIDINE DYESTUFFS. 


209 


wb-ich is derived from quinoline and quinaldine and the other frovi 
quinaldine and isoqninoline. 

The isoquinoline derivative is easier to prepare and a far better 
yield is obtained. 

The quinoline red from isoqninoline has the composition 
C 26 H 18 N 2 . It is a base and forms a hydrochloride of the formula 
C 36 H 1S N 2 HC1. It crystallises in thin quadratic leaflets or in 
larger prisms. It is sparingly soluble in cold water, easily in hot, 
and is separated again by an excess of hydrochloric acid. 

The platinum double salt has the formula (C 26 H 19 N 2 C1) 2 PtCl 4 . 

On heating quinoline red with ammonium sulphide, benzyl mer- 
captan is split off, and a compound of the composition C 19 H 14 N 2 
is formed. 

On dry distillation it yields a base of the composition C 17 H 16 ]Sr. 

Quinoline red may be regarded as analogous in constitution to 
the triphenylmethane dyestuffs, the methane carbon atom of the 
benzotrichloride entering into two quinoline residues. 

It gives a magnificent eosine-red shade on silk, and exhibits a 
fluorescence which surpasses that of every other dyestuff. The 
shades are, however, extremely sensitive to light. 


Quinoline Yellow (Quijs t ophthalon) [1, 6]. 
C 18 H 1X N0 2 . 

Is formed by action of phthalic anhydride on quinaldine or on 
coal-tar quinoline containing quinaldine in presence of zinc 
chloride. Quinoline yellow crystallises from alcohol in fine yellow 
needles, M.P. 235°. It is insoluble in water and ether, pretty, 
easily soluble in hot alcohol and glacial acetic acid, and easily, i^ 
strong sulphuric acid. It has no basic properties and dyes wool 
and silk yellow. Its sulphonic acid, obtained by treating with 
furping sulphuric acid, dyes wool and silk pure yellow like picric 
acid. B^ic dyestuffs may be obtained by heating with ammonia 
under pressure. Probably these are formed by substitution of 
oxygen by nitrogenous groups. 

,The homologues of quinaldine yield similar dyestuffs with 
phthalic anhydride [7] . 

A similar dyestuff, pyrophthalon, of the composition C 14 H 9 N0 2 , 
is obtained from coal-tar picoline and.phthalic anhydride [7] . 
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. In all these reactions, phthalie anhydride may be replaced by 
t. \e anhydrides of the chlorinated phthalic acids. 

x Qwing to its high price quinoline yellow has only found a limited 
application. It gives very fast shades, and would be valuable in 
dyeir^ if the cost of production were less. It is applied solely as 
sulphonic acid and is dyed like the acid dyestuffs. The shades 
produced are pure yellow, free from any tinge of red. 


Fara-amidophenyl-y-lepidine ( Flavaniline ) [8, 9, 10]. 

c 16 h 14 n 2 . 

This dyestuff is prepared by heating acetanilide with zinc 
chloride to 250°-270°. The melt is extracted with hydrochloric 
acid, and the flavaniline precipitated by addition of salt and acetate 
of soda. The yield is very small. 

Flavaniline is a strong base ; it forms long colourless needles, 
sparingly soluble in water, easily in alcohol and benzene, M.P. 97°. 
It may be distilled without decomposition. The monoacid salts 
of flavaniline dye wool and silk pretty pure yellow shades. 

Hydrochloride, Ci 6 H 14 N 2 ,HC1, forms yellowish-red prisms with 
a bluish-red reflex. It is easily soluble in water. 

Diliydrochloride , C lc H 14 N 2 ,(HCl) 2 , is a white salt obtained by 
adding concentrated hydrochloric acid- to the aqueous solution of 
the former. It is decomposed by water or on heating. 

C 16 TIi 4 N 3 2HCl,PtCl 4 forms a yellow crystalline precipitate. 

Ethyl flavaniline is obtained by action of ethyl iodide on an 
alcoholic solution of the base. 

Iodide , C 16 H 13 N 2 (C 2 H 6 )HI, forms long ruby-red needles. 

Flavaniline contains an amido-group, and forms a diazo-com- 
pound which is converted into flavenol, C 16 H 13 NO, on boiling with 
water. This compound exhibits weak basic and acid properties. 
It forms colourless leaflets, which may be sublimed with partial 
decomposition, M.P. 128°. It forms colourless salts ^ith acids. 
On distilling with zinc powder it yields a new base — flavoline, 
C w H 18 N b . This latter compound forms colourless lustrous crystals, 
M.P. 65°. It yields monoacid salts. 

The behaviour of flavoline on oxidation shows it to belong to 
the quinoline series. By oxidation with permanganate it yields 
first lepidine carbonic acid, ~ 
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c 3 h 3 

c,h 4 n< 

COOH 


on farther oxidation picoline tricarbonic acid^ 

C 5 HN(COOH) 3 , 

^CHs 

and finally pyridine tetracarbonic acid, C 5 NH(COOH) 4 . 

These facts show that flavoline is a methylphenylquinoline : 


ch 3 



Flavenol is therefore an hydroxyl- and fiavaniline an amido- 
derivative of this compound. The constitution of fiavaniline is 
expressed by the formula : 

CH 3 



N 


An interesting synthesis of fiavaniline was effected by O. 
Fischer. It consists in the condensation of equal molecules of 
ortho- and para-amidoacetophenone, according to the equation : 



p 2 
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Probably the formation of flavaniline from acetanilide and 

zlhc chloride is due to a molecular change of the acetanilide 

to^he isomeric amidoacetophenones, which then form flavaniline. 
b 


JBerberine . 

C 20 H 17 NO 4 . 

Btrberine is an alkaloid occurring in many" plants, and be- 
longs to the quinoline dyestuffs. So far as our present know- 
ledge reaches, it is the only member of this series occurring in. 
nature, and is also the only natural dyestuff with basic properties 
capable of being fixed on fibres like basic aniline dyes. 

Berbcrine has been found in many plants. The largest quan- 
tities are found in Calumba roots (Cocculus pahnatus) [19], and in 
the roots of Berberis vulgaris , Linn. [20]. The latter is the 
only one of importance in dyeing. 

Pure berberine forms yellow needles, sparingly soluble in 
alcohol and in water. It loses water of crystallisation at 100° 
and melts at 120°. It is a monoacid base forming soluble crystal- 
line salts with acids. The nitrate C 20 H 17 NO 4 ,HjSrO 3 is especially 
noteworthy for the ease with which it forms large crystals ; it is 
insoluble in excess of nitric acid. Berberine is capable of forming 
lakes with metallic oxides. The dry hydrochloride is turned red 
by chlorine. On melting with potash it yields quinoline and two 
acids,, one of which, C 8 Ii 8 0 4 , appears to be homologous -with 
proto-catechuie acid [16], On oxidation with nitric acid, 
berberine gives pyridine tricarbonic acid [17, 18]. 

Reducing agents convert berberine to colourless hydro-berberine, 

r Cn () H 21 N0 4 [16]. 

In dyeing, berberine is used in form of a decoction of the 
berberis roots. On animal fibres it is dyed from a neutral bath, 
and on cotton it is fixed with tannic acid. It is almost exclusively 
used for dyeing leather. 


Chrysanilines. 

C 19 H 15 N 3 and C 20 H 17 N 3 . 

The chrysanilines are formed in small quantities as bye-products 
in the manufacture of magenta, both by the arsenic acid and the 
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nitrobenzene processes. They are separated from the first magenta 
mother-liquors by partial precipitation with soda, and are finalry 
crystallised from pretty strong nitric acid. The chrysanihne 
examined by Hofmann [11] has without doubt the formula 
C 20 H 17 N 3 ; but recent researches by Fischer and Koerner [12] 
render it probable that crude chrysaniline contains two homo- 
logous bases, C 19 H 15 N 3 and C 20 fI 17 N 3 . At least the analytical 
results obtained by Hofmann cannot be brought in unison with 
the formula C 19 H 15 N 3 set up by the latter chemists. 

The chrysaniline C 20 H 17 N 3 [11] , when precipitated from its 
salts by alkali, forms a light yellow powder similar to precipitated 
lead chromate. It is almost insoluble in water, dissolver easily in 
alcohol, benzene, and ether. The two latter solutions exhibit a 
beautiful yellow-green fluorescence. The base may be distilled 
with partial decomposition. Chrysaniline forms two series of 
salts with acids, both of which are yellow to orange in colour. 
With the exception of the picrate and the hydriodide, the salts 
are soluble in water, but sparingly soluble in an excess of acid. 
On dilution, the diacid salts are split up into monoacid salt and 
water. 

Nitrate , C 20 H 17 N 3 ,HNO 3 , forms orange-yellow needles, sparingly 
soluble in cold water, easily in hot. From the solution, nitric 
acid precipitates the diacid nitrate , C 2 oH 17 N 3 ,2HN0 3 , in orange- 
yellow clusters of needles. Chrysaniline is capable of with- 
standing the action of pretty strong nitric acid. 

If impure chrysaniline is dissolved in strong nitric acid, the 
nitrate crystallises out on standing, and this property is utilised in 
the purification of the dyestuff. 

The hydrochlorides , C 20 H 17 lSr 3 ,HCl and C 20 H 17 N 3 ,2HC1, are 
more easily soluble than the corresponding nitrates. 

Picrate, C 20 H 17 N 3 2(C 6 H2(NO 3 ) 3 OH) + H 2 0, forms red needles 
insoluble in water and sparingly soluble in alcohol. 

Trimetkylchrys aniline, Co 0 H 14 (CH 3 ) 3 lNr 3 . The dihydriodide, 
C 20 H 14 (CH 3 ) 3 N 3 (HI) 2 , is formed by heating chrysaniline, methyl 
iodide, and methyl alcohol to 100° for five hours. It forms orange- 
red needles, soluble in hot water. On adding ammonia to the 
hot solution, the mono-hydriodide separates in yellow needles. 
The base may be obtained from these iodides by action of silver 
oxide. It forms easily soluble salts with most acids. 

C 20 H 14 (CH 3 f 3 N 3 (HCl) 2; PtCl 4 forms "yellow felted needles. 
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\The corresponding ethyl derivatives may be obtained in an 
analogous manner by the action o£ ethyl iodide. Amyl derivatives 
hav^also been prepared [11]. 

Chrysaniline C 19 H 15 N 3 [12] was obtained by Fischer and 
Koenmr from commercial chrysaniline. The base crystallises 
from benzene in clusters of golden-yellow needles, containing one 
molecule of benzene, which is expelled on drying. It melts at 
upwards of 200°, and distils with partial decomposition. 

Chrysophenol C 19 H 13 N 2 0 [12] is formed by heating the above 
compound with concentrated hydrochloric acid to 180°. 

It forms small orange needles, forming salts with acids, and also 
reacting like a weak acid towards alkalies. It dissolves in soda, 
forming a light yellow solution from which acids precipitate it as 
an orange precipitate. 

On heating with acetic anhydride, chrysaniline' yields a diacetyl 
compound [13], C 19 H 13 N 3 (C 2 H 3 0) 2 , which still possesses basic 
properties, forming monoacid salts with acids. 

C 10 H 13 N 3 (C 2 H«O) 2 HCl forms long yellow needles, easily soluble 
in water [13], 

The corresponding nitrate is sparingly soluble. 

By treating chrysaniline, C 19 H 15 N S , with nitrous acid, two 
nitrogen atoms are converted into diazo-groups. On boiling the 
resulting diazo-compound with alcohol, phenylacridine is formed : 

N 

c 6 H 4 < I >c 0 h 4 . 
cr 

C«H # 

It follows therefore that chrysaniline is a diamidophenylacri- 
dine [12], 

An interesting synthesis of chrysaniline was effected by Fischer 
and Koerner [12]. ** 

Orthonitrobenzaldehyde condenses with aniline to form ortho- 
nitroparadiamido-triplienylmethane, -which on reduction yields 
orthodiparatriamido-triphenylmethane : 
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NH 2 


This compound yields chrysaniline on oxidation. 

As in the formation of acridine the nitrogen and carbon 
atoms take up ortho positions in both benzene-nuclei, chrysaniline 
has the following constitution : 



For a considerable period chrysaniline was the only basic 
yellow dyestuff, and for this reason was largely used in cotton- 
dying. Wool and silk are dyed directly, cotton requires a tannin 
mordant. The shade produced is an orange-yellow, noteworthy 
for its fastness to light. 
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At present ehrysaniline, which is used as nitrate or hydro- 
chloride, under the name of Phosphine, has hut a limited applica- 
tion in silk and cotton-dyeing. 

Tae reason for this is that there is no good method for pro- 
duction of phosphine, and as its preparation from magenta- 
residuesjs somewhat complicated, its price is relatively high. 


Acridine Yellow [22]. 

This dyestuff is a hydrochloride of diamidodimetliylacridine of 
the constitution : 



NHo 

ch; 



ch 3 

NH 2 . HC1. 


For its preparation formaldehyde is condensed with metatoluy- 
lenediamine, and the resulting body treated with acid, ammonia 
splits off, and the resulting leuco-base is oxidised. It dyes silk 
yellow with green fluorescence. 


Acridine Orange. 

Acridine orange is according to its formation a tetramethyl 
diamidoacridine : 


CII 

(CH 3 ) 3 NC c H,< I >C c H 3 N(CH,) 3 , 

* N 

and is obtained by heating of tetramethyltetramidodiphenylme- 
thane with acids and subequent oxidation of the resulting leuco- 
acridine. Acridine orange is a basic dyestuff producing reddish- 
orange shades on cotton. 


Benzojlavine. 

A diamidophenyldimethylacridine isomeric with chrysaniline 
^eeii brought into commerce under the above name. 
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According to a patent of C. Odder, it is obtained in the 
following manner [21] J e 

Metaphenylenediamine, or metatoluylenediamine, is eonde-tsed 
with benzaldehyde, forming tetramidotriphenylmethane its 

“Hf 6 lattCT m aSe ° U 116 *** acid loses on 

. yidd \ Mg ^ido-hydrophenylacr^ine, the 
leuco-base of benzoflavme, which is formed on oxidation : 



Tetramidotriplieiiylmetliane. 


NTT 



Diamidohydroplienylaci-idine. 


N 



0 


in, 

Benzoflaviue. 


Benzofkvme comes into commerce as a yellow nowder Tt 

• 6aS1 7 S0lu ? e m ] ; ot the solution solidifies to a jelly on 

cooling. From the solution concentrated hydrochloric acid pre. 
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cipitates the sparingly soluble orange hydrochloride. The free 
base precipitated by an alkali forms a light yellow powder, which 
dissolves in ether with a beautiful green fluorescence, similar to 
that of chrysaniline. 

The dyestuff dissolves in concentrated sulphuric acid with a 
light yelfow colour, which becomes orange on dilution. 

The shades produced on wool, silk, and on cotton mordanted 
with tannic acid resemble those with auramine. They may be 
distinguished by their behaviour towards concentrated hydro- 
chloric acid, benzoflavine becoming orange, while auramine is 
destroyed. The stability of benzoflavine towards acids is a decided 
advantage, but it does not appear to be so fast to light as 
auramine. 
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CHAPTER XL 

INDIGO DYESTUFFS. 

The colouring-matters of the indigo group, of which tlie most 
important is indigo blue, are derivatives of indol. This compound 
is closely related to pyrrol, both as regards constitution and pro- 
perties. The relationship existing between indol and pyrrol is 
analogous to that of benzene to naphthalene, or of pyridine to 
quinoline, and is best shown by the following formulae : — 

CH — CH\ 

II /CH 

CH— NH 7 

Pyrrol. 

The nitrogen and carbon atoms of the side ring occupy ortho 
positions in the benzene ring, and form with the third carbon atom 
a closed chain containing five members [1, 2] . 

Indol, like pyrrol, possesses slight basic properties, and also 
colours a strip of fir, moistened with acid, red. It forms colour- 
less leaflets, M.P. 52°, which have a peculiar, unpleasant smell. It 
boils at 245° with partial decomposition. With nitrous acid it 
yields a nitroso- derivative. Of the salts, only the picrate is stable. 
With acetic anhydride it forms acetylindol. 

Indol was first obtained by reduction of indigo blue. It is also 
produced in the pancreatic digestion of albuminoids [2] , and by 
melting the latter with potash. 

It may be obtained synthetically by heating orthonitrocinnamic 
acid with potash and iron filings, and by passing dietkylortho- 
toluidine through a red-hot tube. 

Indol is also formed by melting carbostyril with caustic potash 
[7], by distillation of nitropropenylbenzoic acid with lime [8], by 
heating offchoamidostyrol with sodium ethylate [9], by passing 


C e H. 


CH 




CH 


NH- 

Indol. 
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tctrahydroquinoline through a red-hot tube [10], and by treating 
orthonitrophenylacet aldehyde with zinc powder and ammonia [11]. 

A general synthetic method for production of alkyl-indols is 
that of Emil Fischer. 

Ketones react with phenylhydrazine to produce hydrazones : 

C 6 H 5 NfI . NH 2 +CO^[J 3 3 =C 0 H 5 NHN=C<™J + H 3 O. 

The^ hydrazones, on heating with zinc chloride, split off one 
molecule of ammonia, with production of a substituted indol : 

C,H # — NH -NC<ggj= C e H 4 <g g)CCH, +NH 3 . 

Substituted hydrazines yield the corresponding substituted in- 
dols ; for example, from diphenylhydrazine and acetone diphenyl- 
indol is formed : 

/CI1 \ 

c s h 4 ^ Vel 

"jNT 

I 

c 6 H 5 


DERIVATIVES OF INDOL. 

IndoxyL 

/C(OHK 

C c II< /CH. 

^NEK 

This hydroxy-indol occui’s in the urine of herbivorous animals 
as indoxylsulphuric acid. Indol is converted into indoxyl- 
sulphuric acid in the animal organism. From this compound 
indoxyl is formed by warming -with concentrated hydrochloric 
acid. It may also be obtained by heating indoxylic acid, accord- 
ing to the equation : 

CJI 7 N0 3 =C 8 H 7 N0 + C0 3 [13]. 

Indoxyl is an oil not volatile in a current of steam. On oxi- 
dation it gives indigo blue. 

Indoxylsulphuric acid may be obtained by heating indoxyl 
with potassium pyrosulphate [12]. It exists only in the form of 
' its salts. These are colourless and yield indigo blue on heating 
oF on oxidation. 
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C fi H 


Indoxylic Acid , 

/C(OH)^ 

1n ^nh 


C— COOH. 


The ethyl ether of this' acid is formed by reduction of otrthonitro-. 
phenylpropiolic acid ethyl ether with ammonium sulphide [13]. 

The free acid is obtained by saponification of the ether with an. 
alkali. It forms a crystalline precipitate, sparingly soluble in 
water. It splits up into indoxyl and carbonic acid on heating. 
Oxidising agents convert it to indigo blue, while on heating with 
concentrated sulphuric acid indigo sulphonic acid is formed. 


Oxindol [ 14 , 24 ], 


Xlh 


C 0 H 






o. 


NH' 


This compound is an inner anhydride of orthoamidophenylacetie 
acid, and is isomeric with indoxyl. It is formed by reduction of, 
isatin with sodium amalgam [14], and of acetylorthoamidopkenyl- 
glycollic acid with hydriodic acid [15]. It forms colourless 
needles, M.P. 120°, and exhibits simultaneously basic and acid 
properties. It reacts with nitrous acid, producing isatinoxime 
[24]. 

JJioxindol, 


"‘CHOH. 

c 6 H 4 . .CO, 

HM" 

is the inner anhydride of orthoaroidophenylglycollic acid. It i s 
the first product of the reduction of isatin with zinc powder [14], 
It forms colourless prisms, M.P. 180°. On heating strongly 
aniline is formed. It oxidises in aqueous solution, forming first 
isatyde, and then isatin. Reducing agents convert it to oxindol. 
Dioxindole is a dibasic acid, but also possesses slight basic pro. 
perties. Its acetyl derivative is decomposed by baryta water, 
acetylamidophenylglyeollic acid being formed. It yields a nitroso. 
derivative with nitrous acid. 



CHEMISTRY OF ORGANIC DYESTUFFS. 


Isatin . 
.CO^ 

c g ip -coh. 

^]NK 


This compound is the inner anhydride of orthoamidophenylgly- 
oxylic acid : 


C 6 H 


4 \ 


.CO— COOI-I 
NHo 


Isatin is formed by oxidation of indigo with nitric acid or 
chromic acid [16]. It may also be obtained by oxidation of 
amido-oxindol, and of carbostyril [18], and by boiling ortho- 
nitrophenylpropiolic acid with caustic-potash solution. Further 
methods of formation are given under the synthesis of indigo- 
blue. 

Isatin forms orange prisms, M.P. 200°. It is sparingly soluble 
in water, easily in alcohol and ether. It possesses the properties 
of a weak monobasic acid, but also reacts like the aldehydes aod 
ketones ; for example, it combines with bisulphites of the alkalies, 
and with plienylhydrazine and its sul phonic acids [65]. 

Ey oxidation with dilute nitric acid it yields nitrosalicylic acid, 
and on melting with caustic potash, aniline is formed. By oxi- 
dation with chromic acid in acetic-acid solution anthranilcarbonic 
acid (Kolbe's Isatoic Acid) [21] is produced : 


c G il N 


/CO 

N— COOH 


Phosphorus pentachloride converts isatin to isatin chloride : 


x co x 

c -%/ ca 


Isatin forms a blue condensation-product (indophenine) with 
thiophene. On reduction with ammonium sulphide, isatide 
C ie H 12 N 2 04 [16] is formed. With zinc powder in acetic-acid 
solution, isatin yields hydroisatin ; by more 'energetic reducing- 
agents oxy- and dioxy-indol are formed. Chlorine and bromine 
2eadt with isatin, forming chlorine and bromin^ derivatives 
respectively. Acetic anhydride produces an acetyl ‘isatin [15], 
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probably a derivative o£ pseudo-isatin. Isatin chloride yields 
indigo blue on reduction, indigo-purpurin being "sometimes formed 
as a bye-product [22]. Isatin forms ethers with the alcohol radi- 
cals. The methyl ether of isatin yields a condensation-product, 
methyl isatide, C 17 H 12 N 3 0 4 . Isatin combines with hydroxyla- 
mine, forming an oxime, C 8 H 6 ]NF 3 02 [25] , which is identical with 
the nitroso-oxindol discovered by Bayer and Knop [14, 24] 
(pseudo-isatin, see constitution of the Indigo group). 

Isatin is capable of yielding condensation-products with hydro- 
carbons [58] . In the formation of these bodies one oxygen atom 
of the isatin is replaced by two monovalent hydrocarbon rests. 
From their behaviour these bodies appear to be derivatives of 
pseudo-isatin ; the toluene derivative has accordingly the formula : 


(C 7 H 7 ) 3 

II 


c 6 H 4 



Similar condensation-products may be obtained with tertiary 
bases and phenols. They yield dyestuffs on oxidation, which pro- 
bably belong to the triphenylmethane series [58]. 

The compound formed from isatin and thiophene has the 
formula : 

C 12 H r NOS [58]. 

Indolin, see 62, 63. 


Isatic Acid. 


c 6 h 4 <. 


CO— COOH. 

■Nil, 


(Orthoamidophenylglyoxylic acid, ortho amidobenzoy If o v 
The salts of this acid are formed on heating isatin - 
solution of caustic alkali. The free acid may be 
composition of the lead salt with sulphuretted hydrogen [26], or 
synthetically by reduction of orthonitrophenylglyoxylic acid with 
ferrous sulphate and caustic soda. The acid is unstable, its aqueous 
solution decomposes on boiling, isatin and water being formed. 
Acetylisatic acid is formed by treating acetylisatin with a cold 
solution of«a caustic alkali [15]. 
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Isatogenic Ether [ 13 , 27 ]. 

/CO— j P . COO . C a H, 

C(|H 4 / 1 

^N— O 

This bOdy is isomeric with the ether of orthonitrophenylpropiolic 
acid, and is formed on treating the latter with concentrated sul- 
phuric acid. It forms yellow needles, M.P. 115°. 


Diisatogen [ 27 ], 

.CO— C— C— CCk 
C c H, /| |\ > 6 H 4 , 

N— 0 0 — 1ST 

is formed on treating dinitrodiphenyldiaeetylene with concen- 
trated sulphuric acid. It forms red needles, soluble only in 
chloroform, nitrobenzene, and strong sulphuric acid. It is easily 
converted by reducing agents to indigo blue. 


Indoxanthic Ether [ 28 ]. 

CO — C (OH) CO a C s H s . 

C S H / 

Nil 

This compound is obtained by oxidation of indoxylic ether with 
ferric chloride. It forms straw-yellow needles, M.P. 107°. Alka- 
lies convert it to anthranilic acid. It forms a nitrosamine with 
mtrous acid ; on reduction indoxylic ether is reproduced. 


Indigo-Blue. 

C 6 H 4 — CO — C— C — CO — c 0 h 4 . 

Indigo blue is the most important, in fact the only important 
derivative of indol from a technical point of view. 
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Indigo occurs as a glucoside, indican, in various plants (. Indi - 
gofera tinctoria , Indigofera anil 7 Polygonum tinctorium , and Isatis 
tinctoria :). According to Schunck ,[29], indican from Isatis tinc- 
toria has the composition C 26 H 31 ]Nr0 17 , and decomposes according 
to the equation : 

2C 26 H 31 NOi7 + 4H 2 0 = C 16 H 10 N 2 O 2 + CeH^Og. 

Indigo-blue. Indiglucine. 

It is, however, uncertain if the same indican occurs in all plants. 

In the industrial preparation of indigo, an aqueous extract of the 
plants is submitted to fermentation. The indigo blue produced is 
probably reduced by the sugar, soluble indigo white being formed. 
On subsequent oxidation in the air, indigo blue separates mixed 
with various impurities. The crude product obtained in this 
manner is the valued dyestuff known as indigo. The amount of 
pure colouring-matter (indigotin) contained in indigo varies, 
being generally between 20 and 90 per cent. Besides this, it con- 
tains various substances : indigo red, indigo brown, indigo yellow, 
and indiglutin, of most of which but little is known. 

Indigotin occurs sometimes in urine. 

Indigotin is best obtained from indigo by conversion of the 
latter into the soluble reduced compound, and .subsequent oxida- 
tion by air [30] (indigo vat) . Another method consists in ex- 
tracting the indigo with aniline or chloroform and allowing the 
indigotin to crystallise from the solvent. According to the 
method of preparation, indigotin forms lustrous coppery needles 
or a dark blue powder. On heating it does not melt, but sublimes 
with partial decomposition in form of coppery needles. Indigo 
vapour has a purple-red colour. 

Indigotin is insoluble in most of the usual solvents. It dis- 
solves in aniline, chloroform, nitrobenzene, phenol, paraffin, 
petroleum, naphthalene, and in certain fatty oils. The solutions 
have not all the same colour • for example, the aniline and chloro- 
form solutions have a deep indigo-blue colour, while the solution 
in paraffin has the purple-red colour of indigo vapour, a behaviour 
"somewhat similar to that of iodine. 

The composition of indigotin corresponds to the formula 
C 8 H 5 NO, but from determination of its vapour-density, the 
molecule contains twice this and is therefore C 16 H 10 N 2 O 2 . 

Indigotin dissolves unchanged in concentrated sulphuric acid^ 
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■with, a green colour. On heating, sulphonie acids are formed, the 
colour of the solution changing to blue. 

By destructive distillation, indigotin yields aniline ; on melting 
with caustic potash, aniline, anthranilic acid, and salicylic acid are 

formed [16]. . . . 

Oxidising agents convert indigotin to isatm [16] . Chlorine 
produces chlorine derivatives of isatin first, and then chlorinated 
phenols and chloranil [16] . Bromine acts in a similar manner. 

Indigotin dissolves in hot concentrated caustic .potash, solution 
with an orange-yellow colour, indigo white and isatic acid being 

probably formed. . 

On reduction in alkaline solution indigo blue takes up two 
atoms of hydrogen, forming indigo white, which possesses phe- 
noloid properties and dissolves in the alkaline liquid. 

In the air, indigo white solution oxidises immediately, insoluble 
indigo blue separating. This property is extensively employed in 
dyeing with indigo, and also serves for the isolation of pure indigo 
from the commercial product. 

The reducing-agents more commonly employed are ferrous salts, 
arsenious acid, stannous oxide, hyposulphurous acid, zinc powder, 
and grape-sugar. 


Dibenzoylindigo [32], 

C 16 H 8 N 2 0 2 (C 7 H 6 0) 2 , 

is formed on heating indigotin with benzoyl chloride. 

Halogen derivatives [33] of indigotin have been prepared from 
the corresponding derivatives of isatin and of orthonitrobenz- 

^Dinitro- and diamido-indigotin have been prepared from 
dinitro-isatin [33]. (Compare the “ Synthesis of Indigo Blue, 

p. 231.) i 


Indigo White, 

CjjHisNsOa, 

is formed by reduction of indigotin, and contains two_ atoms of 
hydrogen more than the latter. In distinction from indigotin, 
which possesses neither basic nor acid properties, inhibits the 
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character of a weak acid like the phenols. It dissolves 
and may be precipitated from the solutions by an acid. can 

acid separates it as a silky grevish-white mass. Indigo . ^ 

only be dried and preserved in an atmosphere of car onie ac ^ 
hydrogen. It oxidises rapidly to indigotin on exposure ^ ^ 
air. Prom the properties of indigo white, it is apparent 
carbonyl oxygen atoms of the indigotin are conve 
hydroxyl groups. # * 1 ^ &c ) 

From^the derivatives of indigo blue (sulphonic aC * ^ c ^ on 9 
substitution-derivatives of indigo white are obtained on re u 


Indigo Blue Sulphonic Acids- 

Monosulphonic Acid [ 34 ], 

C 16 H 9 N 2 0 2 S0 3 H, 

[Sulphopurpuric Acid .) 

This acid is obtained by heating indigo with concentrate ^ 
phuric acid. It forms purple-red flocks which disso 
water with a blue colour, but are insoluble, in sa line 

acid. The salts are sparingly soluble in water, inso u e 
solutions. 


Bisulphonic Acid [ 34 ], 

C 16 H 8 N 2 0 2 (S0 3 H) 2 , 

is formed by further action of sulphuric acid 
forms an amorphous powder, soluble in water. 


on indigotin- K 
rphe salts are-aiso * 
solutions by 


easily soluble, and may be separated from aqueous paste, 

addition of salt. The sodium salt comes into commerce 


- a &c. It is. 
and is •known as Indigo Extract, Indigo carmmo, pensive 
applied like the acid dyestuffs, and has a somewha ® ^ 

application in wool-dyeing. Indigo-disulphonic aClc \ m c Y)1 thesis 
obtained synthetically, the method will be found under y 
‘of Indigotin. 
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Application op Indigo in Dyeing. 

The tinctorial properties of indigo are due to the presence of 
the chromophorous group : 

^.CO— C 

which forms a closed chain with the benzene ring. As it contains 
no salt-forming groups it is not a real dyestuff,, and owing to its 
insolubility has no affinity for the fibre. This may be produced by 
introduction of sulpho-groups, and the indigo then assumes the 
character of an acid dyestuff. The principal application of indigo 
depends, however, on its conversion into soluble indigo. The 
process based on this property is termed vat-dyeing, and has been 
in use since the earliest periods. Most of the reducing-agents t 
acting in alkaline solution have been applied, but in practice the 
following are important : — Ferrous sulphate, stannous chloride, 
grape-sugar, arsenious acid, zinc powder, and sodium hvdro- 
sulphite. 

The reducing-agent employed is generally added along with 
lime or soda to a finely divided indigo suspended in water. The 
ferrous sulphate and stannous chloride are hereby converted to 
the corresponding hydrates. The indigo blue is slowly converted 
to indigo white, which dissolves in the alkaline liquid. The indigo- 
vat is used for dyeing both wool and cotton. 

Wool appears to have a certain attraction for indigo white and 
Js^ capable of withdrawing it from solution, while cotton is only 
impregnated with the liquid. In all cases the conversion of 
indigo white to indigo blue on the fibre is effected by atmospheric 
oxidation. Only in recent years has indigo been applicable for 
direct printing. Previously calico was dyed in an indigo~-fat, and 
then the necessary effects produced by printing on discharges. 
' Of late years, however, the following methods have been employed 
on direct printing. 

Cotton fabrics impregnated with grape-sugar solutions are 
printed with a mixture of finely divided indigo and strong caustic 
roda suitably thickened. On steaming the indigo whjgfce produced 
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thoroughly penetrates the fibre/ and on oxidation fast indigo 
effects are obtained. 

The difficulties in this direction have also been to a certain 
extent vanquished by the introduction of artificial indigo. A 
thickened mixture of orthonitrophenylpropiolic acid and grape- 
sugar, or better an alkaline xanthate with an alkali Is printed, 
and the indigo blue developed by steaming and drying. 

However, orthonitrophenylpropiolic acid does not appear* to have 
made Various competition with natural indigo in this direction, 
and interesting as the synthesis is from a scientific standpoint, it 
has not yet been applied practically to any great extent. 

Indigo carmine is almost exclusively used in wool-dyeing, and is 
applied in an alum bath at the boil. 

The shades obtained are finer than those from the vat, but are 
not so fast. They are principally used in production of mixed 
shades. 


Indig odicarlonic Acid [ 86 ], 
C 16 H 8 N 2 0 2 (C00H) 3 . 

This acid is formed by treating nitroterephthalaldehydic acid, 

— COOH 1 
Ve* 1 * — COH 4, 

N0 2 2 

with acetone and soda solution, and by action of alkali and grape- 
sugar on the carbonic acid of orthonitrophenylpropiolic acid. It 
forms a blue precipitate, insoluble in chloroform. The solution 
with alkalies is green, and is precipitated by acids. 


Indoine [ 13 ], 

CjoH^oN^Oj. 

Indoine is formed by reduction of orthonitrophenylpropiolic 
acid with ferrous sulphate in sulphuric acid solution. It closely 
resembles indigo, but may be distinguished by the following 
reactions : — It dissolves in cold concentrated sulphuric acid with a 
blue colour (indigo gives a green solution), and is only converted 
into a sulphonic acid with difficulty. It is also easily soluble in 
aniline and*in aqueous sulphurous acid, forming blue solutions. 
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Indigopurpm in, 

C i6 H 10 N 2 O 2 . 

This compound is isomeric with indigotin, and is formed as a 
bye-prodisct in the preparation of the latter from isatin chloride 
[22, 38] . 

It i$ similar to indigotin, but is more readily sublimed, forming 
fine red needles. It dissolves in alcohol with a red col#*ir. On 
dissolving in concentrated sulphuric acid and diluting with water, 
it gives a red solution. 


Indirubin [ 13 , 60 ]. 

C 6 H 4 — CO — C=C — C (OH) ==N. 

\ / \ / 

NH C 6 H, 

Indirubin is the indogenide of isatin, and is isomeric with 
indigotin. It may be obtained by mixing aqueous solutions of 
indoxyl and isatin in presence of a little caustic soda. 

Indirubin forms a reddish-brown powder. It dissolves in 
alcohol with a violet colour, and in concentrated sulphuric acid 
with a greyish-black colour. The latter solution becomes violet 
on. heating, a sulphonic acid being formed. With redueing-agents 

gives a vat, and on further reduction indileucin, C 16 Hi 3 N 2 0, is 
produced. 

Irom the present state of onr knowledge, it is not certain if 
jndigopurpurin and indirubin are identical or different. 


Indigo Bed [ 61 ]* 

This compound, which occurs in crude, indigo, is also an isomer 
of indigotin. The exact relationship existing botween this body 
and the two previous ones is not certain. According to Baeyer, it 
differs from indigopurpurin. 

Schunck obtained a compound from indicant which he namedf 
^ndirubin, and which he regards as identical with indigo* 
purpurin [61], 



INDIGO DYESTUFFS. 


231 


Indigo red forms a vat and a sulphonic acid, both capable of 
dyeing, ' The shades produced in the vat are noteworthy for their 
extreme fastness to light. 


SYNTHESIS OF INDIGO BLUE. 

In the years 1865 and 1866 Baeyer and Knop [14] converted 
indigotm through dioxindol and oxindol into indol and 
three years later Baeyer and Emmerling [5] prepared indol 
synthetically by melting a mixture of nitroeinnapaic acid, caustic 
potash, and iron filings. Tbe nitrocinnamic acid employed was a 
mixture of the ortho and para compounds, and only later was it 
discovered that the ortho acid is alone capable of yielding indol. 
In 1870 the same chemists observed the formation of indigo 
blue by treating isatin with a mixture of phosphorus trichloride 
and acetyl chloride. 

In the same year Emmerling and Engler [39] obtained small 
quantities of indigo by heating nitroacetophenone with zinc 
powder and soda-lime, but subsequently were unsuccessful in 
producing the necessary conditions for the formation of the 
dyestuffs. 

The first certain method for producing artificial indigo is due to 
Nencki, who obtained it*by oxidation of indol with ozone [40] . 
The same chemist had already obtained indol by the pancreatic 
fermentation of albumen [2, 40]. In 1877 Baeyer and Caro 
obtained indol by passing the vapour of certain aromatic amines, 
especially of diethylorthotoluidine, through a red-hot tube. 

In 1878 the constitution of oxindol was discovered by Baeyer 
[17] and by Suida [15]. It was found to be the inner anhydrfe.., 
of orthoamidophenylacetic acid, and was obtained synthetically 
from the latter. 

’ In the same year [17] Baeyer preparedfisatin from oxindol. 
The nitroso-compound of oxindol yields the amido-compound on 
reduction, and this is converted into isatin by oxidation or by 
nitrous acid. 

As isatin had already been converted into indigo, the forma- 
tion of the former from orthoamidophenylacetic acid effects a 
complete synthesis of indigo. At the same time Baeyer [17J 
improved the process whereby isatin was converted into indigo. 
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Isatin is first submitted to the action of phosphorus tri- or penta- 
chloride, and the resulting isatin chloride yields indigotin on 
reduction. In this case indigopurpurin is formed as a bye- 
product. 

Claisen and Shadwell discovered a new synthetical method for 
production of isatin in 1879. By action of silver cyanide on 
orthonitrobenzoyl chloride, orthonitrobenzoyl cyanide is produced, 
and this is converted into orthonitrophenylglyoxylic acid by 
saponification and subsequent treatment with an allyrii. On 
reduction of this acid in alkaline solution, a salt of isatic acid 
(orthoamidophenylglyoxylic acid) is produced, from which isatin 
may be separated by an acid. 

These researches effect another complete synthesis of indigotin. 

In 1880 Baeyer prepared indigo synthetically from cinnamic 
acid by various processes [19, 41] : — 

I. Orthonitrocinnamic acid. 


CH=CH — COOH 

c 6 H 4 < 


no 3 


[ 1 ] 

[ 2 ]' 


unites with bromine to form orthonitrodibromhydrocinnamic acid, 


CHBr— CHBr— COOH 

c 6 H 4 < 


no 2 


Li] 

[3j‘ 


On treating this compound with alkalies, two molecules of 
HBr split off and an unsaturated acid — orthonitrophenylpropiolic 
acid. 


CEO -COOH 

CeII 4 < 


no 2 


[ 1 ] 

[ 2 ] 


is formed. This acid yields isatin on boiling with an alkali, and 
indigo on reduction in an alkaline solution (alkaline grape-sugar 
solution, or an alkaline xanthate) , 

II. By treating orthonitrocimiamic acid with chlorine in 
alkaline solution, orthonitrophenylchlorlactic acid is formed 
according to the equation : — - 
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On heating in phenol, or glacial acetic-acid solution, this com- 
pound yields indigo, 

III. Orthonitrophenylpropiolic acid yields orthonitrophenyl- 
acetylene on boiling with water [42] : 

C=CH 

c 6 H 4 < 

no 2 

On oxidation of the copper compound of the latter with potas- 
sium ferricyanide, dinitrodiphenyldiacetylene is produced ; 

"c~c— C=C 

c 6 h 4 < >c 6 h 4 . 

no 2 no; 

On treatment with fuming sulphuric acid this body undergoes 
a molecular change, an isomer, diisatogen, being formed. “ The 
latter gives indigo on reduction [42] . 

IV. In 1882 orthonitrobenzaldehyde was used as a starting* 2 * 
point for the artificial production of indigotin [2], 

On dissolving orthonitrobenzaldehyde in acetone, and adding 
an excees of dilute caustic-soda solution, indigo blue separates on 
standing. The acetone may be replaced by acetaldehyde or 
'pyruvic acid. This reaction was studied in detail by Baeyer [44] . 
The interaction of acetone and orthonitrobenzaldehyde results in 
the formation of an intermediate product of the composition 
CioHjxNO* (probably the methyl ketone of orthonitrophenyl-lactic 
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acid). This compound decomposes under the influence of alkalies 
according to the equation : 

2C 10 H u NO 4 + 2H.0 = C ie H 10 N s O, + 2C,H A + 4H 3 0, 

indigotin and acetic acid being formed. 

With acetaldehyde, orthonitrobenzaldehyde forms the aldehyde 
of orthonitrophenyl-lactic acid : 


C 6 H 


^HOH-CHsCOH, 

4x N0 2 


which splits up with alkalies, forming indigotin and formic acid 
[45] . The intermediate product in the case of pyruvic acid is 
orthonitrocinn amyl-formic acid [44] : 


/CB^CH — C° — COOH. 

C *%JO, 

This body is best obtained by action of gaseous hydrochloric 
acid on a mixture of the reacting compounds. Orthonitrocinnamyl- 
formic acid is split up by alkalies into indigotin and oxalic acid. 

A patent of Meister, Lucius, & Briining [46] depends on a 
similar reaction. Claisem’s benzylidene-acetone (cinnamylmethyl- 
ketone C 6 H 5 — CH = CHCO — CH 3 ) [47], obtained by condensation 
of benzaldehyde and acetone, is nitrated^ A mixture of ortho and 
paranitro derivatives is formed, and the former yields indigotin 
by action of alkalies. 

Ortho-nitrometa-tolualdehyde [48] gives a homologue of indigo- 
blue, and chlorine derivatives may be obtained from ehlor-ortho- 
nitroaldehydes [37] . Another method has its starting-point i$ 
artho-amidoacetophenone. This compound is converted into its 
acetyl derivative and treated with bromine in the cold. The re- 
sulting bromine derivative, when dissolved in concentrated sul- 
phuric acid, loses hydrobromic acid, a crystalline dompound being 
formed, which, under the influence of air in presence o£*alkalies, 
yields indigotin. 

Indigotin may also be obtained from ortho-amidophenylacety- 
lene by an analogous process. 

Gevekoht [50] obtained indigotin by action of ammonium sul- 
phide on ortho-nitroacetophenone, in which the methyl group is 
brominated. 
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From the researches of Baeyer [51] and Bloem it is shown that 
on bromiirating acetylortho-amidoacetophenone, the bromine atom 
enters in the methyl group. If the benzene chain is substituted 
brominated indigos are formed ; but if only the benzene chain con- 
tains bromine, indigo cannot be produced. Tn these reactions 
indoxyl appears to be formed as an intermediate product in the 
reaction. 

P. Meyer [52] prepared substituted indigo blues from the 
corresponding substituted isatins. This process depends on^the 
fact that the final products of the action of dichloracetic acid on 
amines in which the para position is occupied are substituted 
isatins. The first product of the action of dichloracetic acid on 
paratoluidine is a paratolylimide derivative of parameihylisatin, 
Ci 6 H 16 N 2 0, which decomposes on boiling with acids into para- 
toluidine and methylisatin, C 9 H 7 1S[0 2 . 

Perhaps the simplest methods for the synthetic production of 
indigo are those which have their starting-point in certain aniline 
derivatives of acetic acid. Flimm discovered that bromacetanilide, 
C 6 H 5 NH — CO — CH 2 Br, gives a trace of indigo on heating with 
caustic potash (B. B. 1890, p. 57). Heumanm’s process gives a 
somewhat better result, but still the yield (about 15 per cent.) is not 
sufficiently great for technical application. In this method phenyl- 
glycocine, formed by action of monochloracetic acid on aniline, is 
heated with caustic potash with exclusion of air to about 260°. 
The orange-yellow melt obtained is dissolved in water, and on ex- 
posure to air indigo separates. The course of the reaction is not 
exactly understood, but in al! probability the first stage consists in 
the formation of pseudoindoxyl : 


|H 

C (j H 4 . NH . CH 2 CO|OH 


,C O v 

= H 2 0 + C 6 H 4 ( nh )CH 2 .. 


In alkaline solution pseudoindoxyl oxidises immediately, pro- 
ducing indigo : 


,■ /CO. ‘ /GOv 7 CO x 

2 ° eH ^N h > CH2 + 20 = 2Hs ° + CeH4 ^ C=C - ' ' 
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A somewhat better result is obtained by using phenylglycoeine- 
orthocarbonic adit, which is prepared by action of monochloracetic 
acid on anthranilic acid. This compound is fused with caustic 
potash, the reaction taking place at a considerably lower tempera- 
ture than when phenylglycocine is employed. 

If phenylglycocine is mixed with sand and introduced into a 
large quantity of sulphuric acid containing a considerable amount 
of sulphuric anhydride, taking care to avoid an increase in tem- 
perature, a reaction immediately takes place, sulphurou^cid being 
evolved, while the solution takes a blue colour. This is due to 
the formation of indigo-disulphonic acid, which may easily be 
isolated by dilution and addition of salt. The yield by this pro- 
cess is satisfactory, amounting to about 60 per cent, of the phenyl- 
glycocine used. 


CONSTITUTION OP THE INDIGO GROUP. 


From his synthesis of indol from orthonitrocinnamic acid 
Baeyer ascribed to it the constitutional formula : 


H 4 C< 


/ CH \ 

’Nnh/ 



which is now generally accepted. 

Kekule had already (1869) [53] published an opinion that 
isatin is an inner anhydride of orthoamidophenylglyoxylic acid, 
and accordingly suggested the structural formula ; 

.CO. 

C 6 H 4 \ >CO. 

NH X 


Claisen and Shad well proved that isatic acid is orthoamido- 
phenylglyoxylic acid, and that isatin is its inner anhyaride by a 
direct synthesis [26]. However, various properties of isatin- 
noted by Baeyer speak for the presence of an hydroxyl group 
according to the formula : 


CO 
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Oxindol is, from its synthetic production, an inner anhydride 
of orthoaifudophenylacetic acid, and has the formula : 


/CH 2 

c 6 h 4 C >co. 

X NH / 


The formation of oxindol and dioxindol by reduction of isatin 
is, however, more in favour of the following constitution for these 
compounds : — 


C fi H, 


,CH(OH)COH 


6 J ” L 4's 


c 6 h 4 / 


CH 3 — C(OH) 


N 


Dioxindol. 


Oxindol. 


The constitution of indoxyl may be deduced by its formation 
from indoxylic acid : 


CJI 


4 \ 


C(OH) =C — C0 3 H 


NH- 


The hydroxyl group must he in combination with the carbon 
atom in the adjacent position to the benzene ring. The constitu- 
tion of indoxyl is accordingly represented by the formula 


CfiH/ 


^C(OH)— CH 


'NH> 


From certain reactions it appears probable that isatin, indoxylic 
acid, and indoxyl are capable of existing in two isomeric forms. 
One of these exists only in the form of derivatives (for example, 
ethers). Baeyer terms these “ labile or pseudo forms,” and gives* 
the following formulae to them — 


-C 6 H 4 ^ 


CO-COH 


Isatin. 


c 6 h 


/CO— CO 

<nh/ 


Psendoisatin. 


C 6 H 4 C(OH)=CH 

\nh/ 

^Indoxyl, 


c 6 h 4 — CO— ch 2 

\nh/ 

Pseudoindoxyl. 
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C 6 H 4 — C (OH) _C— CO® H C 6 H 4 — CO— CH— COOH 

\ r \ / ' 

X NH 7 NH/ 

Indoxylic acid. Pseudoindoxylic acid. 

These pseudo-modifications are stable -when certain of their 
hydrogen atoms are replaced. In the case of pseudoisatin a 
monovalent group suffices ; while in pseudoindoxyl both hydrogen 
atofias of the carbon atom in the side-ring must be replaced. In 
this manner the following compounds may be obtaineu : — 

C 6 H 4 — CO — CO C 0 H 4 — CO — c=ctic 6 h 5 

^ \ / 

NC 2 H s NH' 

Etliylpseudoisatin. Benzylidenepseudoindoxyl. 


The divalent rest of pseudoindoxyl. 


C e H 4 — CO— C= 


\nh/ 


is especially interesting, as researches on this subject show that it 
must he contained in indigotin. Baeyer designates this rest as 
the indogene group, and those derivatives in which the indogcne 
group replaces an atom of oxygen are' termed indogenides. The 
above benzylidenepseudoindoxyl must therefore be regarded as 
the indogenide of benzaldehyde, as it is formed by heating indo- 
xylic acid with benzaldehyde, carbonic acid and water splitting off. 

Indigotin may be regarded as a combination of two indogene 
groups, as expressed by the constitutional formula : 

C 6 H 4 — CO — C=C — CO — c 6 h 4 

\nh/ \nh/ 

, Indigotin. 


This constitution is also that of an indogenide of pseudoisatin 


c 6 h 4 <( 


CO— CO 


NH 


and indigotin is therefore formed^ by replacement of an oxygen 
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atom of pseudoisatin by tbe indo^ene group. Similarly, indi- 
rubin is the indogenide of isatin : 

C 6 H 4 — CO — C= C — C (OH) =N 

\nH // XXx C 6 H 4 // 


Indirubin is formed by action of isatin on indoxyl, fn which 
reaction it must be accepted that the latter undergoes a molecular 
change into pseudoihdoxyl. 

Baeyer&rrives at these conclusions from the following facts : — 
By the action of nitrous acid on indoxyl a nitrgsamine of the 
latter is formed : 


cm 


4 \. 


C(OH)=CE 

N (NO) 


On reduction it is converted through indoxyl to indigotin. 
-By action of nitrous acid on ethylindoxylic acid [56] an isomeric 
compound, possessing the properties of an isonitroso compound, is 
formed. It yields isatin on reduction and subsequent oxidation. 

It is probable that in the formation of this body from ethyl- 
indoxylic acid ; 

C(0-C 3 H 5 )=C-C00H, 

c 6 h 4 C 


a molecular change takes place, as two monovalent groups are 
split off from two different carbon atoms, and the isonitroso group 
is always divalent and connected with one carbon atom. 

The formation of isatin from this body shows it to be pseud- 
isatoxime or isonitrosopseudoindoxyl : 


CfiBL 




CO— C=NOH. 


NH 


This constitution receives further support from the behaviour 
"TO ethylation, whereby a mono-ethyl ether is produced. This ether 
also yields isatin, and therefore cannot contain the ethyl group 
in direct combination with a carbon atom, nor yet in the imide 
group. It is stable to hydrochloric acid, which would not ‘be the 
case were the ethyl group connected with hydroxyl. 
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C 6 H 4 — C(OH) = C— CO©H 

^NH^ 

Indoxylic acid. 

These pseudo-modifications are stable when certain of their 
hydrogen atoms are replaced. In the case of pseudoisatin a 
monovalent group suffices ; while in pseudoindoxyl both hydrogen 
atofhs of the carbon atom in the side-ring must be replaced. In 
this manner the following compounds may be obtaineu: — 


C 6 H 4 — CO— CH— COOH 


NH/ 

Pseudoindoxylic acid. 



nc 2 h 5 


Ethylpseudoisatin. 


c 6 h 4 — CO — C=CHC 6 H s 

NnH^ 

Benzylidenepseudoindoxyl. 


( 

The divalent rest of pseudoindoxyl, 


C 6 H 4 — CO— c= 


'NH' 


is especially interesting, as researches on this subject show that it 
must be contained in indigotin. Baeyer designates this rest as 
the indogene group, and those derivatives in which the indogene 
group replaces an atom of oxygen are termed indogenides. The 
above benzylidenepseudoindoxyl must therefore be regarded as 
the indogenide of benzaldehyde, as it is formed by heating indo- 
xylic acid with benzaldehyde, carbonic acid and water splitting off. 

Indigotin may be regarded as a combination of two indogene 
groups, as expressed by the constitutional formula : 

C 6 H 4 — CO — C=C— CO — C 6 H 4 

\nh/ \nh/ 

, Indigotin. 


This constitution is also that of an indogenide of pseudoisatin .** 

,CO— CO 


c 6 h 4 \ 


NH 


and indigotin is therefore formed^ by replacement of an oxygen 
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atom of pseudoisatin by tbe indo^ene group. Similarly, indi- 
rubin is the indogenide of isatin : 

C 6 H 4 — CO — C= C — C (OH) =N 

\nh // 


Indirubin is formed by action of isatin on in doxy 1, fn which 
reaction it must be accepted that the latter undergoes a molecular 
change into pseudoindoxyl. 

Baeyer strives at these conclusions from the following facts : — 

By the action of nitrous acid on indoxyl a nitrgsamine of the 
latter is formed : 

C(OH)=CH 

CoH 4 <; 

N(NO) 

On reduction it is converted through indoxyl to indigotin. 
.By action of nitrous acid on ethylindoxylic acid [56] an isomeric 
compound, possessing the properties of an isonitroso compound, is 
formed. It yields isatin on reduction and subsequent oxidation. 

It is probable that in the formation of this body from ethyl- 
indoxylic acid : 

n (0 — CgH 5 ) =C — COOH, 
c 6 h 4 C ^ 

\nh 

a molecular change takes place, as two monovalent groups are 
split off from two different carbon atoms, and the isonitroso group 
is always divalent and connected with one carbon atom. 

The formation of isatin from this body shows it to be pseud- 
isatoxime or isonitrosopseudoindoxyl : 


C fi H 


‘\ 


CO— C— NOH. 


NH 


This constitution receives further support from the behaviour 
""“TBE ethylation, whereby a mono-ethyl ether is produced. This ether 
also yields isatin, and therefore cannot contain the ethyl group 
in direct combination with a carbon atom, nor yet in the inmle 
group. It is stable to hydrochloric acid, which would not 'be tin* 
case were the ethyl group connected with hydroxyl. 
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The constitution of the compound is therefore expressed by the 
formula : 


c 6 a 


^CO— C=NO(C 2 H 5 ) 


It is pseudoisatipethyl-a-oxime. On further ethylation the 
diethyl ether is formed : 


,co— C=NOC 2 H 5 


c 6 h 4N 


^nc,h 5 


On reduction 
formed : 


and subsequent oxidation, ethylpseudoisatin is 


C e H 


^CO— CO 


It differs from the isomeric ethylisatin by being difficult to • 
saponify. Alkalies convert it to ethylisatic acid : 


c„h 4 < x 


CO— COOH 
NHC 2 H 5 


With hydroxylamine ethylpseudoisatip gives the /S- oxime 


c 6 h/ 


C(NOH) — CO 

NOH s 


It combines with indoxyl to form the indogcnide 


C e H 4 — CO— C=C— CO— NC 2 H 5 



The diethyl ether of pseudoisatin-a-oxime yields* diethyl 
indigo blue if treated with mild reducing-agents, precisely in the 
same manner that pseudoisatoxime gives indigo blue under similar* 
conditions. 

As in this reaction the ethylated isonitroso group is split off, 
while the ethyl group attached to the imide-nitrogen atom remains 
•intact, it follows that if the above constitution of ethyl pseudo- 
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isatin ethyl a-oxime is correct, , diethyl-indigotin must possess 
tne constitution expressed by the formula : 


C 6 H4-C0_C=C_C0— C 6 H 4 J 
nc 2 h 5 ^nc^ 

and consequently indigotin the analogous one : 


C 6 H 4 — CO— C=C— CO— c 6 h 4 . 


Baeyer summarises the conclusions leading to this formula as 
follows : — 

1* Indigotin contains an imido-group. 

2. Its formation from diphenyl- diacetylene shows that the 
carbon atoms are placed in the following manner : — 


c 6 h 5 — c— c-c— c— c 6 h 5 . 

3. Indigotin is formed only from those compounds in which the 
carbon atom adjacent to the benzene ring is connected with an, 
atom of oxygen. 

4. ^ The formation and properties of indigotin show a close 
relationship to indirubin and to the indogenide of ethylpseudo- 
lsatm. The latter is formed by the coupling of the ^-carbon 
atom of pseudoindoxyl with the yS-carbon atom of pseudoisatin. 
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CHAPTEE XII. 


EUXANTHIC ACID AND GALLOFLAYINE. 


These yellow dyestuffs, though o£ totally different origin, show 
some' relationship in chemical properties, and possibly owe their 
tinctorial value to the same chromophor. In euxanthic acid this 
is a carbonyl group, which forms a ring with one oxygen atom and 
two benzene nuclei. 

Euxanthic acid contains as chromogen the rest of diphenylene- 
ketone-oxide : 


0 /C 6 H 4 \ C0 

x c 6 h/ ' 


somewhat similar in constitution to anthraquinone. 


C0 /C 6 H 4 \ C 0 f 

N 


c 6 H 4 


It has not been determined with certainty that galloflavine 
contains the same group. 


Euxanthic Acid . 

C 19 H 18 O n . 

The magnesium salt is the essential constituent of the dyestuff 
known in commerce as Purree or Indian Yellow. This product is 
obtained from the^urine of cows, fed on mango-leaves. The gold- 
yellow urine is heated, and the yellow deposit formed into a ball^ 
This is purified by removing the outer portions and thoroughly 
washing the remainder. 

The recent researches of v, Kostanecki [8] demonstrate that the 
^origin is from urine, as they proved that the urine of animals whose 
food contained euxanthone separated euxanthic acid. Jt is probable 



EUXANTHIC ACID AND GAL LOELA VINE. 


343 


that the euxanthone contained in : certain plants combines with 
glucurorfic acid in the animal organism, euxanthic acid thus being 
formed. To prepare euxanthic acid, purree is exhausted with water* 
treated with dilute hydrochloric acid, and the residue extracted 
with ammonium carbonate. The resulting ammonium salt is de- 
composed with hydrochloric acid, and the euxanthic acid crystallised 
from alcohol (2). 

It forms lustrous straw-yellow needles, sparingly soluble in^cold 
water, n&pre easily in hot water, and readily in alcohol, but in- 
soluble in ether. 

On heating to 130° one molecule of water splits off, an anhydride, 
C 19 H 16 O 10 [6], being formed. This was formerly regarded as 
anhydrous euxanthic acid, the crystallised acid having the formula 
C 19 H 1(5 O 10 + H 2 0. Euxanthic acid is monobasic; its salts with the 
alkalies are easily soluble, those with magnesium and lead sparingly 
soluble. The alkali salts are precipitated by an excess of alkali. 
On heating with water or dilute sulphuric acid to 140°, euxanthic 
acid splits up into euxanthone [1], C 13 H 8 0 4 , and glucuronic acid, 
C e H 10 O r [6]. 

Euxanthone is also formed by heating euxanthic acid to 160-180°, 
or by warming with concentrated sulphuric acid [38] . 

Chlorine and bromine act on euxanthic acid, producing di-sub- 
stitution products [2] . Nitric acid produces nitro-euxanthic acid 
in the cold ; on warming, trinitro-euxanthone, and finally styphnic 
acid is formed [1] . 

Euxanthone . 

W, 

This compound forms ^ale yeljow needles which sublime without 
decomposition. It is insolu ble in w ater, sparingly soluble in_ether» 
easily in boiling alcohol. It is formed as described above from 
eu&anthic acid, and is also a constituent of purree, the lower 
qualities containing most. It is soluble in aqueous solutions 
Of the aScalies, but possesses no further acid properties. Its 
alcoholic solution is precipitated by lead acetate. On heating with 
zlfic powder, benzene, phenol, and methylenediphenylene-oxide, 
(C 6 H 4 ) 2 0 [9], are formed. The last-named compound 
yields diphenyleneketone- oxide on oxidation, 

^/C 6 H 4 \ co 

n g 6 h/ 
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Diacetyleuxanthone is formed on boiling euxanthone with acetic 
anhydride, M.P. 185°. Dichloreuxanthone and dibromeuxanthone 
may be produced by decomposition of the corresponding derivatives 
of euxanthic acid [2] . 

Trinitroeuxanthone forms yellow needles, and is a monobasic acid 

[ 2 ]. 

The constitution of euxanthone is explained by the following re- 
searches of Baeyer and Graebe [21] . On melting with potash it 
yields euxanthonic acid (tetraoxybenzophenone). 



which on further heating splits up into resorcin and hydroquinone. , 
Euxanthone is the inner anhydride of euxanthonic acid. 



and is therefore 2,6 dioxydiphenyleneketone-oxide. This is con- 
firmed by its synthesis, on heating hydroquinone carbonic acid with 
/3-resorcylic acid in presence of acetic anhydride. 

Euxanthic acid is apparently an ether of euxanthone (or euxan- 
thonic acid) with glucuronic acid. 


Oi 3 H 8 0 4 + C 6 H 30 O 7 = 

Euxanthone. Glucuronic Euxanthic 

acid. acid. 

Euxanthone, although yellow, is not a dyestuff, while euxanthic 
acid is capable of dyeing on metallic mordants. 

Its principal application is as an artists' pigment under the name 
^of Indian Yellow. 
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Synthetical Oxyketone Dyestuffs [22]. 

A method for the production of hydroxyl derivatives of benzo- 
phenone and its homologues has been patented by the Badische 
Anilin- und Sodafabrik. 

The process consists in heating fatty or aromatic afcids with 
a phenbl or oxycarbonic acid containing at least two hydroxyl 
groups ya the ortho position to each other with a dehydrating agent. 
The reaction may be best explained by the following example. 

Trioxyhenzophenone. 

• 

One part of pyrogallol and one part of benzoic acid are heated 
to 145°, and three parts of zinc chloride gradually stirred into the 
mixture, and the above temperature maintained for three hours. 
The melt is extracted with boiling water, and on cooling the dye- 
• stuff is deposited in yellow needles, M.P. 137-138°. It dyes 
golden-yellow shades on cotton mordanted with alumina ; the 
presence of lime-salts renders the tone more orange. Another 
process for production of trioxybenzophenone, due to the same 
firm, consists in heating 'pyrogallol with benzotrichloride in 
aqueous, alcoholic, or acetic acid solution. It is known in com- 
merce as Alizarin Yellow A* 

Gallacetophenone . 

This compound is a trioxyacetophenone \ (OH) 3 C 6 H 2 COCH 3 }-, 
obtained by heating pyrogallol with acetic acid and zinc chlbride 
to 150°. It may be used for printing with chromium acetate, and 
gives brown shades [23]. It is named Alizarin Yellow Gr. 

EUagic Acid . 

c u h 8 o 9 . 

- This compound is related to the above dyestuffs and to gallo- 
flavine, although its constitution has not been determined with cer- 
tainty. Ellagic acid may be obtained by action of various oxidising 
agents on gallic and tannic acids, and by heating gallic ether with 
soda solution. It also occurs naturally in bezoar stones. Ellagic acid* 
gives greenish-yellow shades wjien printing with chromium acetate. 
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Galloflavine. 

This dyestuff is formed by oxidation of a gallic acid solution, 
containing about two molecules of an alkali, by atmospheric oxygen 
[12]. It is best prepared by dissolving gallic acid in alcoholic 
potash solution, and passing a current of air through the solution. 
A potassium salt of the dyestuff, which is sparingly sol&ble in 
alcohol, separates [11]. 

Galloflavine forms greenish-yellow leaflets, sparingly Soluble in 
ether and alcohol, more easily in acetic acid, and best in aniline. It 
is soluble in alkalies, and is reprecipitated on the addition of acids. 

The composition of galloflavine is probably represented by the 
formula C 13 H g 0 9 . 

It forms dibasic salts ; those with the alkalies are easily soluble 
in water. 

If heated with acetic anhydride, it yields a colourless acetyl 
compound, Ci 3 H 2 0 9 (C2H 3 0) 4 , M.P. 230° [11]. 

Galloflavine is used along with metallic mordants. On alumina 
it produces a greenish-yellow shade, on tin oxide a pure yellow, 
and on chromium oxide an olive-green. It has been used to 
a slight extent in wool-dyeing ; on chromed wool it gives results 
similar to fustic. 
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CHAPTEE XIII. 

CANARINE. [13, 14, 15.] 

On treating potassium sulphocyanide with potassium* chlorate, in 
presence of hydrochloric acid, canarine is formed (Prokoroff and 
Miller) [13]. 

This compound is probably identical with that discovered by 
Liebig [16], and named pseudo- or persulpho- cyanogen, C 3 N 3 HS 3 , 
although the identity of the two is denied by Miller. 

Canarine forms a yellow powder, insoluble in neutral solvents, 
soluble in alkalies and in borax solution. 

The application of canarine depends on its property of dyeing 
cotton yellow from an alkaline solution. The shades vary from 
liglit yellow to orange-yellow, according to the concentration of 
the solution. They are very fast both to soap and light. In com- 
parison with other artificial dyestuffs, canarine only possesses weak 
tinctorial properties. 

Canarine dyed on cotton is capable of acting as a mordant for 
basic dyestuffs. In this respect it resembles Cachou de Laval and 
the benzidine series of direct colours. 
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CHAPTER XIV. 

r MUREXIDE. [17,18,19,20.] 

Murexide is the acid ammonium salt of purpuric acid, which does 
not exist in the free state. It is of historical interest, as besides 
picric acid it is the oldest artificial dyestuff used technically. Its 
application dates from the year 1853. 

Murexide is obtained by action of ammonia on the mixture 
of alloxan and alloxantin, obtained by evaporating a solution of 
uric acid in strong nitric acid. 

It is formed further by heating alloxantin in ammonia gas, and 
boiling uramil with mercuric oxide. 

It forms four-sided prisms, with a green lustre, appearing red 
by transmitted light. 

The composition of murexide is expressed by the formula 
C 8 H 4 N 5 0 6 NH4. By double decomposition with potassium nitrate, 
the potassium salt (C 8 H 4 N 5 0 6 K) is obtained. The salts with 
calcium, barium, tin, and mercury are sparingly soluble red or 
violet precipitates. 

Murexide dissolves in water with a fine purple-red colour, which 
is changed to blue-violet on addition of excess of alkali. Mineral 
acids set free purpuric acid, which immediately decomposes into 
uramil and alloxan, the solution being decolorised. 

Murexide may be dyed on tin, lead, or mercury mordants, the 
last producing the best results. It is at present out of useT 
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CHAPTER XV. 

DYESTUFFS OF UNKNOWN CONSTITUTION. 

The following chapter comprises those dyestuffs which cannot be 
placed under the foregoing chemical classifications. It has already 
been mentioned that many of the dyestuffs treated of under the 
previous groups are of unknown constitution ; but, being products 
of chemical synthesis, certain relationships to the various classes 
are easily deduced. 

The number of colouring-matters included in the present chapter 
is unfortunately very large ; most of them are natural products 
obtained from plant and animal sources. As these natural dyestuffs 
are very numerous, only those are described which are of interest 
from a technical or scientific point of view. 

Although the artificial dyestuffs have to a great extent replaced 
the natural ones, certain of the latter still retain great importance 
in dyeing, being in fact indispensable, as no synthetical products 
have been able to do their work. 

The great importance of a large number of the natural dyestuffs 
is based on the property which they possess of forming firmly- 
adherent lakes with metallic oxides. They are, like alizarin, 
adjective dyestuffs. 

Some of them, for example Hsematoxylin, Hsematein, Brasilin, 
i and Bra^ilein, are possibly quinones ; others appear to be related 
to Euxanthone. 

Some of these compounds are glucosides, which may be split up 
by action of dilute acids, forming a sugar, and a compound which 
is the real colouring-matter. 

Somenatural dyestuffs (Curcumin,Bixin,Carthamin) are capable* 
like the tetrazo dyestuffs, of dyeing on unmordanted cotton. 
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Ecematoxylin [ 1 , 2 , 3 , 13 ]. 

CigH^Og. 

Haematoxylin is contained in logwood or campeachy, tlie wood 
of H&matoocylon campechianum. Although scarcely a dyestuff, 
hsematoxyiin is the only important constituent of logwood, as on 
oxidation it yields haematein [2], a compound of strong tinctorial 
properties. 

Haematoxylin is prepared by extracting freshly rasped* logwood 
with aqueous ether, evaporating, and mixing the residue with 
water [3] . The # crystals which separate are recrystallised from 
water, preferably with addition of ammonium bisulphite to prevent 
oxidation. 

Haematoxylin crystallises with 3 H^O in colourless tetragonal 
prisms [4], or with 1 H 2 0 in rhombic crystals. It dissolves 
sparingly in cold water, and is dissolved with facility by hot water, 
alcohol, and ether. It has a sweet taste. It melts in its water of 
crystallisation somewhat over 100°. Its solution turns a ray of 
polarised light towards the right [3] . 

It dissolves in alkalies with a purple colour ; the colour rapidly 
changes, with formation of haematein, to blue-violet, afterwards 
becoming brown. Chromic acid, ferric chloride, and vanadic acid 
form higher oxidation products, which give black lakes with 
metallic oxides. On melting with potash, or on dry distillation, 
it yields pyrogallol and resorcin [99] . 

Formic acid has also been observed amongst the products 
formed in the potash melt [99]. 

Bromine acts on haematoxylin in acetic acid solution, forming 
a dibromo derivative. Acetic anhydride yields a pentaeetyt 
derivative, C 16 H 9 0 6 (C 2 H 3 0) 6 , M.P. 165-166°, which on treating 
with bromine combines with four atoms, and by cautious bromi- 
nation a monobromo derivative may be produced [6, 13, 99]. 
Nitrous and nitric acid convert haematoxylin to haematein ; the final 
product of oxidation with nitric acid is oxalic acid. 

Haematein [ 2 , 3 , 7 ]. 

C^HaQ* 

* Haematein is produced by careful oxidation of haematoxylin 
with nitric acid [5], or by action of atmospheric oxygen on an' 
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alkaline solution of this body £2, 3], It is best obtained by 
exposing an ethereal haematoxylin solution mixed with a few drops 
of nitric acid to the air. 

It forms dark green masses with a metallic lustre or lustrous 
silvery leaflets, which form a red powder on rubbing [5, 100]. 
It is sparingly soluble in hot water, alcohol, and ether, forming 
yellowish-brown solutions. Its alkaline solutions are bluish 
violet. The ammonia compound, C ie H 12 0 6 ,2NH 3 , is sparingly 
soluble and evolves ammonia on heating [3]. On treating with 
aqueous sulphurous acid, haematein is dissolved without reduction, 
and forms easily soluble colourless addition compounds, which are 
decomposed on boiling. More stable compounds are obtained 
from haematein and bisulphites. 

Haematein forms peculiar addition products with hydrochloric, 
hydrobromic, and sulphuric acids, which are decomposed by water 
at a high temperature [8] . 

In dyeing and printing, haematoxylin and haematein are used in 
form of logwood extract or decoction. 

Haematoxylin produces a greyish- violet shade on alumina mor- 
dants, probably due to formation of haematein by oxidation. 
Copper salts produce a dark blue, iron salts and chromic acid a 
deep black. In practice, several of these mordants may be applied 
simultaneously; for example, logwood may be printed on an 
alumina mordant and afterwards passed through a bath of 
potassium bichromate or copper sulphate. The lakes with iron 
and chromium are derived from higher oxidation products which 
have as yet been little examined. 

Logwood is largely used in cotton, wool, and silk dyeing. For 
wool, it serves especially for producing black on iron and 
chromium mordants. The wool is generally mordanted in a bath 
of bichromate and sulphuric acid and dyed in a logwood bath. 
Cotton is dyed black by alternate passages through logwood and 
bichromate baths. For production of a deep black without a 
violet tone, the addition of fustic or a similar yellow dyestuff is 
accessary. A mixture used in dyeing and printing, under the 
name of indigo substitute, is composed of logwood extract and 
chromitun acetate. 
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Brazilin [ 1 , 9 , 10 ]. 

c 16 h 14 o 5 . 

Brazilin occurs in the wood of various species of C&salpinia, 
especially in Casalpinia brasiliensis , and with brazilein forms the 
essential constituent of the dyewoods known as Brazil-wood, Peach- 
wood,, and *Sapan-wood. 

Brazilin often separates from the commercial extract of the dye- 
wood In form of crystalline crusts [9] , and these are the best material 
for a pure preparation of the compound. These crystals contain 
brazilin mixed with its calcium compound, and on boiling with 
very dilute alcohol, with a little hydrochloric acid and zinc 
powder, a soiution is obtained from winch brazilin crystallises on 
cooling. 

Brazilin crystallises from water, according to the concentration 
of the solution, in clear amber rhombic crystals containing 1 H 2 0, 
or in colourless needles [10] with 1^- H 2 0. It dissolves pretty 
easily in water, alcohol, and ether. Alkalies give a carmine-red 
solution, which is decolorised by zinc powder, the colour returning 
quickly on exposure to air. On dry distillation it gives large 
quantities of resorcin [9] . 

By action of nitric acid styphnic acid is formed;^ potassium 
chlorate and hydrochloric acid produce isotrichlorglyceric acid [12] . 

On adding lead acetate to an aqueous ‘solution of brazilin, the 
lead compound separates in fine colourless needles, C 16 Hi 2 PbO§ 
+ H 2 0, which rapidly turn red. On reduction with hydroiodic acid 
and phosphorus, brazilin yields brazinol, C l6 H 14 0 4 , and finally 
C 16 H 26 0 3 , both amorphous bodies [15]. On distillation with zinc 
powder, brazinol gives a hydrocarbon C I6 H 14 or Ci 6 H 16 [15]. 

ffetracetyl brazilin, C 16 H 10 O 6 (C 2 H 3 O )4 [11], and triacetyl brazilin 
are formed by treating brazilin with acetic anhydride [14] . 

Dibrom- and dichlorbrazilin are formed by cautious bromination 
and chlorination of brazilin [11, 13]. • m 

Brazilin is applied technically in form of extract or decoction 
of brazil-wood. It can be fixed only by use of mordants, and is* 
used both in cotton and wool dyeing. On alumina mordants it 
produces shades resembling alizarin, but inferior both in beauty 
and fastness. The tin lake has a brighter colour. Wool 
mordanted with potassium bichromate is dyed a fine brown 
shade. * 
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Brazilein pLl, 12, 7]. 

c 16 h 12 o 5 . 

Brazilein "bears the same relationship to hrazilin that hsematein 
does to hsematoxylin. It is formed by oxidation of an alkaline 
solution of brazilin in the air and by the action of alcoholic iodine 
solution [II] or of nitrons acid on the same compound, 

Brazilein forms grey silvery leaflets, which dissolve sparingly 
in wa^r, easily in alkalies with a purple colour. Like hsematein, 
it forms* unstable combinations with hydrochloric, hydrobromic, 
and sulphuric acids [8] . It resembles brazilin from a tinctorial 
point of view, but has greater dyeing power. 

Morin [1, 16, 15]. 

C 13 H 10 O 6 =C 12 H 8 O 5 + H 2 O. 

Morin is the colouring-matter of fustic, the wood of Morus 
tinctoria ( Jacq.) or Macluria tinctoria (Nett el) . It is best prepared 
by boiling the wood with water and decomposing the lime com- 
pound with hydrochloric acid [17]. Morin crystallises from 
alcohol in long yellow needles. It is insoluble in water and carbon 
disulphide, sparingly soluble in ether, and easily in alcohol. It 
dissolves in alkalies with a dark yellow colour. 

On dry distillation morin yields resorcin and paramorin. On 
treatment with sodium amalgam or by melting with caustic 
potash it yields phloroglucol, oxalic acid being also formed in the 
latter case [18] . 

Lowe ascribes to morin the formula C 15 Hio 07 + 2H s O [16]. 

It acts as a monobasic acid, the salts of the alkali metals are 
easily soluble, those with lime, aluminium, lead, and zinc almost 
insoluble [18]. 

Tribrommorin, C 12 H 7 Br 3 0 6 , is formed on treating morin with 
bromine [18]. 

Par«morin, C 12 H 8 0 4 , formed by dry distillation of morin, forms 
yellow woolly crystals easily soluble in water, and which volatilise 
"unchanged [19]. 

Isomorin [18] is formed by incomplete reduction of morin 
with sodium amalgam. It forms purple-red prisms, and yields 
morin on treatment with alkali or on heating. A compound 
known as maclurin or morintannic acid, C 13 H 10 O 6 , is also contained 
in fustic, hUt is not a dyestuff. 
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Morin is used largely in wool' and cotton dyeing as decoction 
or extract of fustic. Its principal application is in shading-blacks, 
browns, &c. Wool is generally mordanted with potassium bichro- 
mate and sulphuric acid. The morin is fixed as a very stable 
chromium lake, which has a dull yellow colour. 

Young fustic , the wood of Rhus * cotinus , is totally different from 
old fustics Koch isolated the colouring-matter [20], termed it 
fisetin, and gave it the formula C 15 H 10 O 6 . This has beefi cor- 
rected* by recent researches of Schmid [94]. According jo this 
chemist, the colouring-matter of young fustic occurs a^a gluco- 
side in combination with tannic acid. This tannin compound splits 
up intotheglucoside,fustin,C 46 H 42 Ooi,andataimic acid on warming 
with acetic acid. The glucoside splits ^ip with dilute acids into 
sugar and fisetin, On boiling with acetic anhydride, 

hexacetyl fisetin, C 23 H 10 O 9 (C 2 H 3 O) 6 , M.P. 200°, is produced. 

Hexamethyl fisetin, C 23 H 10 O 9 (CH 3 ) 6 , is formed by action of 
methyl iodide, M.P. 152° and 153°. 

The principal use of fisetin is in wool-dyeing, especially for 
modifying cochineal scarlets. 

Quercitrin [ 1 , 21 , 22 , 24 ]. 

^361138^20 + 3H 2 0. 

Quercitrin is the colouring-matter of *the dyewood known as 
quercitron bark, obtained from Quercus tinctoria . 

Quercitrin may be obtained as follows : — The bark is boiled 
with strong alcohol and the extract precipitated with lead acetate 
and acetic acid. The filtrate is freed from lead by sulphuretted 
hydrogen, and evaporated. The residue is crystallised from water 
[2§] . It forms light yellow lustrous needles, which contain one : 
molecule H s O after drying at 100°, and can be obtained’ i 
hydrous only by long heating at 130° [21] . It melts at 168^ [22], 
dissolves sparingly in hot water, easily in alcohol. Its solption 
gives a green coloration with ferric chloride. Ammoniac^ silver 
solution is reduced easily ; Fehling's copper solution only after 
long boiling. 

Quercitrin is a diabasic acid ; the alkali salts are easily soluble, 
those with lead and alumina sparingly so. The former is easily 
soluble in dilute sulphuric acid. 1 * 
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9 

Quercitrin is a glucoside ; on foiling with dilute acids it yields 
isodulcite [24], C 6 H 14 0 6 , and cfuercin, C 24 H 16 O u . Quercitrin 
occurs also in hops, horse-chestnuts, tea, and many other plants. 
Tetrabromquercitrin is obtained by bromination in acetic acid 
solution and forms light yellow crystals [25] . 


Quercitin [24, 26, 27], 

C 24 H 16 0n, 

is formed from quercitrin as above, according to the equation : 
C 36 H 38 O 30 + 3H 2 0 = 2C 6 H 14 0 6 + C 24 Hi 6 O u [24] . 

% 9 

It also occurs naturally in many plants. 

It forms fine lemon-yellow needles, sparingly soluble in water, 
but readily in alcohol. It melts above 250°, and sublimes with 
partial decomposition. Its solution gives a green coloration with 
ferric chloride, which turns red on heating; lead acetate gives an 
orange precipitate. Silver nitrate is reduced in the cold, and 
Fehling^s solution on warming. Nitric acid oxidises it to oxalic 
acid. On fusion with caustic potash, quercitin is split up, yielding 
querciglucin, C 6 H 6 0 3 (Phloroglucin?), and quercitic acid, 
C b H 10 O 7 [28], 

At a higher temperature protocatechuic acid is formed. On 
reduction of quercitin the final product is phloroglucin [28] . 

Amide : by action of ammonia at 150°. Is a brown, amorphous 
compound. Dibromquercitin : light yellow needles. Diacetyl- 
dibromquercitin : yellow needles. Tetrabrom quercitin : white 
needles. M.P. 218°. 

Diaeetyltetrabromquercitin : white needles, M.P. 226-228° 
[25], 

Quercitin and quercitrin give beautiful yellow shades on cotton 
mordanted with alumina. With tin mordants a more orange shade 

produced. On a large scale these bodies have an extensive appli- 
cation, and are used in form of a decoction of the bark or as 
fhmn. In dyeing with the extract, it is probable that the quer- 
citrin splits up, and that the shades obtained are due to the forma- 
tion of quercitin lakes. 

Flavin consists in some cases of nearly pure quercitrin and in 
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others of quercitin. Quercitron and flavin serve principally for 
use with cochineal in dyeing scarlet. They are also used in calico.- 
printing on iron, aluminium, and chromium mordants. 

Rutin, the glucoside contained in Chinese yellow berries and in 
the leaves o£ Rut a graveolens, is closely allied to quercitrin. On 
boiling with dilute acids it splits up into quercitin and a sugar 
[29, 30, Si] . 


Xanthorhamnin , Rhamnetin [ 32 , 33 , 34 ]: 

These colouring-matters are contained in Persian berries, the 
fruit of Rhaymus mfectoria and oleoides ft 

Xanthorhamnin (or Rhamnegin) is a glucoside of the compo- 
sition C 48 H 66 0 2 9 . It may be obtained by extracting the berries 
with alcohol. Resinous matters separate and are filtered off, and 
xanthorhamnin crystallises out afterwards. It may be purified by 
recrystallisation from alcohol [34]; the crystals obtained contain ' 
two molecules of alcohol, which are expelled at 120°. It is very 
easily soluble in water, less easily in alcohol, and insoluble in ether 
and chloroform. 

It reduces silver nitrate and Folding's copper solution. Its 
solution gives a dark brown coloration with ferric chloride, and 
a yellow precipitate with lead acetate a$d ammonia. On hydro- 
lysis with dilute acids it gives rhamnetin and isodulcite ; the same 
change may be effected by simply heating to 150°. 

On acetylation with acetic anhydride (Schiitzenberger 33), twelve 
acetyl groups enter into xanthorhamnin. 


Rhamnetin , 

C 12 H 10 O 5 [34], 

is formed along with isodulcite, C 6 H 14 0 6 , by hydrolysis of«xantho- 
rhamnin. It forms a lemon-yellow powder sparingly soluble in 
water, alcohol, ether, and indifferent solvents. It is easily solubfe 
in phenol, from which it crystallises in yellow needles. It reduces 
ammoniacal silver solution and Fehling's copper solution. 

Its aqueous solution gives yellow or brownish-yellow precipitates 
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with lead, alumina, barium, and lime-salts. Ou fusion with 
.potash* or reduction with sodium amalgam, rhamnetin yields 
phloroglucin and protocatechuie acid. 

Dimethylrhamnetin is formed by heating rhamnetin with potas- 
sium-methylsulphate, and methyl alcohol to 120°, M.P. 157° [34]. 

Herzig has recently found that the highest products obtained 
by methylation of rhatnnetin and quercitin are identical, and has 
further obtained quercitin by removal of a methyl group from 
rhamnetin with hydriodic acid. From these results he Regards 
rhamnetki as a dimethylquercitin. 

Diacetylrhamnetin, M.P. 185° [34]. 

JDipropionyirhamnetin , M.P. 162° [84]. 

Dibenzoylrhamnetin, MjP. 210-212°. 

These three compounds are obtained by action of the respective 
anhydrides on rhamnetin [34] . 

Dibromrhamnetin, obtained by bromination of rhamnetin in 
acetic acid solution, forms yellow needles soluble in hot benzene, 
alcohol, and acetic acid [34] . 

Diacetyldibromrhamnetin is formed by bromination of diacetyl- 
rhamnetin, M.P. 212° [34]. 

Xanthorhamnin is not a dyestuff, and it must therefore be 
accepted that rhamnetin is formed in the dyeing operations. 

> Khamnetin in form of Persian-berry extract is of considerable 
importance in calico-printing ; no artificial dyestuff has been found 
to replace it with advantage. It is generally fixed as tin or tin- 
alumina lake, both of which have a fine yellow colour. The 
chromium lake has a browner tone and is also used in printing. 
The alumina lake also sometimes used in dyeing has lemon shade ; 
its principal application (mixed with chalk) is as an artists’ colour. 

Persian berries also contain rhamnin or /3-rhamnegin, which 
yields /3-rhamnetin on hydrolysis [39]. The composition of 'these 
bodies is unknown. 


Luteolin [ 1 , 36 , 37 , 38 ]. 

C 12 H 8 0 6 . 

Luteolin is the colouring-matter of weld, the leaves and skin of 
Reseda luteola. Luteolin crystallises from alcohol in small yellow 
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needles which contain molecules of water of crystallisation 
which are expelled at 150° [38]' It melts at 320° [36] arid may. 
be sublimed with partial decomposition. It is very sparingly 
soluble in water and ether; alcohol dissolves it with tolerable 
facility. 

It dissolves readily in alkalies with a yellow colour, and gives 
yellow lak^s with lead and alumina salts. 

Ferric chloride produces a green coloration, changing to brown 
with excess of the reagent. ^ 

On fusion with potash, luteolin yields pliloroglucin aCd photo- 
catechuic acid [37] . 

Luteolin is obtained by extracting w r eld with dilute alcohol, 
evaporating -the extract, and recrystalkiing the compound which 
separates. 

An aqueous decoction of weld is used in dyeing. On alumina 
mordants it produces a beautiful fast yellow. Its principal 
application is in silk-dyeing, for which weld is a valuable material. 
Silk is previously mordanted with alum. 


Bixin [ 48 , 49 , 50 , 51 ], 

^28 II 34 ^ 5 * 

Bixin is the principal colouring-matter contained in annatto. 
This dyeware consists chiefly of the pulp of the fruit of Biooa 
orellana which has been allowed to ferment. 

Bixin is prepared by boiling annatto with alcohol and sodium 
carbonate. On adding soda solution to the extract, the sodium 
compound of bixin separates; this is purified by reerystallising from 
dilute alcohol, and the bixin liberated by hydrochloric acid [51]. 

Bixin forms dark red metallic leaflets, M.P. 176°. It is almost 
insoluble in water, sparingly soluble in cold alcohol, benzene, 
glacial acetic acid, and ether, readily soluble in hot alcohol and 
in chloroform. Bixin is a dibasic acid. It reduces Behlihg’s 
solution in the cold. It forms a blue solution with concentrated 
sulphuric acid, which gives a dirty green precipitate on addition of 
water. Sodium amalgam converts 'it to a colourless compound, 
C 28 H 40 O 6 [51]. On oxidation with nitric acid, bixin yields oxalic 
#eid. On distillation with zinc powder, it yields metaxylene, 
meta-ethyltoluene, and a hydrocarbon C 14 H 14 , ? [51]. 
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Bixin gives two sodium salts: NaC 28 H 33 0 5 + H 2 0, forming 
.coppery-red crystals, and Na 2 C 28 H 32 0 5 , a red powder [51]. 

Annatto contains a second colouring-matter known as Orellin, 
the composition of which is unknown. It dyes a yellow shade on 
alumina mordants, and is probably an oxidation product of bixin. 

Bixin dyes both animal and vegetable fibres without a mordant. 
It is used both in silk'and cotton dyeing in form of annatto. It 
is either fixed directly on cotton, or in form of its tin lake, the 
result* being a fine orange-yellow shade. Annatto has a? large 
application in colouring butter and cheese. 


Vhrysin [52], 

C 15 H l0 O 4 . 

Chrysin occurs in the buds of the poplar ( Populus balsamifera 
and monilifera ) . It forms light yellow needles, M.P. 275°, insoluble 
in water, sparingly soluble in benzene, ligroin, and cold alcohol, 
easily in glacial acetic acid, aniline, and hot alcohol. It dissolves 
in alkalies with a yellow colour. Its alcoholic solution is coloured 
dirty violet by ferric chloride, and gives a yellow precipitate with 
lead acetate. Chrysin is decomposed on boiling with concentrated 
potash solution, forming acetophenone, acetic acid, benzoic acid, 
and phloroglucin. On heating with methyl iodide it yields 
a monomethylether (tectochrysin), C 15 H 0 O 3 OCH 3 , which also 
occurs' in poplar-buds. It forms thick sulphur-yellow crystals, 
M.P. 164°. It is insoluble in alkalies, sparingly soluble in 
alcohol, and easily in benzene. 

Nitrochrysin, C 15 PI 9 N0 2 0 4 , is formed by action of nitric acid on 
chrysin. 

Dibromchrysin, Qi5 

Diiodochrysin, C ls H 8 I 2 0 4 . 


Curcumin [53, 54, 55, 56]. 

C 14 H 14 0 4 ? 

This slightly acid colouring-matter is contained in turmeric# 
the underground stem of Curcuma long a and C. viridiflora. 
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Curcumin is prepared by steaming turmeric, or extracting with 
carbon bisulphide to remove oily matters, and extracting the 
residue with ether. The crude product is purified by recrystal 
lisation from ether or benzene. It forms orange-yellow prisms, 
M.P. 178° [56] . It is very sparingly soluble in hot water, more 
easily in benzene, and readily in alcohol, ether, and fatty oils. It 
dissolves in alkalies with a brown colour, ahd also gives a brown 
coloration with boric acid, changing to blue on addition of dilute 
alkali *[53] . (Reaction for boric acid.) It gives insoluble brown 
lakes with lead calcium and barium salts. It dissolves ii? concen- 
trated sulphuric $cid with a cherry-red colour. 

Nitric acid oxidises curcumin to oxalic acid; ‘chromic acid 
produces ter&phthalic acid [54] . 

Curcumin is extensively used in dyeing, although not fast to 
light. Its principal application is in modifying red shades on 
cotton, for example saffranine. Curcumin dyes cotton without 
mordant. The powdered root is generally used suspended in 
water. The cotton is boiled in a mixture, and the curcumin 
becomes fixed as it dissolves. An alcoholic extract is sometimes 
used, and is mixed with water to an emulsion. Turmeric is also 
used for colouring butter, wax, and fatty oils. 


Carotin [57, 58, &9], 

C 18 H 24 0. 

Carotin is the colouring-matter contained in the carrot (. Dancm 
carota). It forms rhombic crystals, M.P. 168°, reddish brown in 
transmitted light, and gold green by reflected light. It is easily 
soluble in carbon disulphide, sparingly in alcohol and ether. 
It gives a violet solution with strong sulphuric acid, and is coloured 
blue by sulphurous acid. Arnaud [96] regards carotin as a hydro- 
carbon, but this assumption is extremely improbable from the 
properties of the compound. 

Archil and Litmus . 

Various kinds of lichens, for example Lecamra tinctoria and 
Mccella tinctoria , possess the property of giving violet or blue dye- 
stuffs when submitted to the joint action of ammonia and air. 
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These lichens contain a number of peculiar acids (lecanoric acid, 
•erythric acid, roccellic acid, See.), which are split up by alkalies, 
the final products being orcin, C 6 H 3 CH 3 (OH) 2 , and erythrite, 
C4H10O4. 

Orcin is the only compound important for the production of 
lichen colours; with ajr and ammonia it yields orcein, C 7 H 7 N0 3 ?, 
which is the principal dyestuff contained in archil [60, (xL, 62, 63]. 

Orcein gives sparingly soluble lakes with calcium and the 
heavy^metals, but does not appear to be a real adjective dyestuff. 

Commercial archil is prepared by moistening the weeds with 
ammonia and exposing the mixture to the air. * Formerly putrid 
urine was used in place of the ammonia. The product obtained 
may be worked up into Extract, “ Archil liquor ; ” or dried and 
powdered, or is sold in the crude form as cc Archil paste/ - ’ These 
products all contain orcein in form of its ammonia salt. 

The dyeware known as Cudbear is similar to powdered archil. 
Besides orcein, archil is said to contain two other colouring- 
matters of unknown composition, azoerythrin and erythroleic 
acid [60]. 

Archil is principally employed in wool and silk dyeing, less in 
calico-printing. It may be dyed on wool from acid, neutral, or 
alkaline baths. An addition of alum, stannous chloride, oxalic 
acid, or tartaric acid is njade to the dyebath. 

The calcium lake is used in printing, and is dissolved in acetic 
acid and fixed by steaming (“ French purple”). The shades 
obtained with archil are purple, and may be modified with indigo 
or cochineal. 

Archil has been displaced to a certain extent by azo dyestuffs, 
but still has considerable importance in wool-dyeing. This is due 
to the various conditions under which archil may be employed, 
and it can therefore be used to modify the shades of nearly all 
other dyestuffs. 


Litmus . 

If the lichens used for the manufacture of archil are submitted 
to a longer treatment with ammonia, potash and lime being also 
added, the orcin is converted to litmus— a dyestuff which is re<? 
in the free gtate, and yields blue salts. A' similar product may be 
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Curcumin is prepared by steaming turmeric, or extracting with 
carbon bisulphide to remove oily matters, and extracting the- 
residue with ether. The crude product is purified by recrystal* 
lisation from ether or benzene. It forms orange-yellow prisms, 
M.P. 178° [56] . It is very sparingly soluble in hot water, more 
easily in benzene, and readily in alcohol, ether, and fatty oils. It 
dissolves in alkalies with a brown colour, and also gives a brown 
coloration with boric acid, changing to blue on addition of dilute 
alkali e[53] . (Reaction for boric acid.) It gives insoluble thrown 
lakes with lead calcium and barium salts. It dissolves iff' concen- 
trated sulphuric ^cid with a cherry-red colour. 

Nitric acid oxidises curcumin to oxalic acid; chromic acid 
produces ter&phthalic acid [54] . C 

Curcumin is extensively used in dyeing, although not fast to 
light. Its principal application is in modifying red shades on 
cotton, for example saffraninc. Curcumin dyes cotton without 
mordant. The powdered root is generally used suspended in 
water. The cotton is boiled in a mixture, and the curcumin 
becomes fixed as it dissolves. An alcoholic extract is sometimes 
used, and is mixed with water to an emulsion. Turmeric is also 
used for colouring butter, wax, and fatty oils. 


Carotin [ 57 , 58 , & 9 ], 

C 18 H 24 0. 

Carotin is the colouring-matter contained in the carrot ( Daucm 
carota). It forms rhombic crystals, M.P. 168°, reddish brown in 
transmitted light, and gold green by reflected light. It is easily 
soluble in carbon disulphide, sparingly in alcohol and ether. 
It gives a violet solution with strong sulphuric acid, and is coloured 
blue by sulphurous acid. Arnaud [96] -regards carotin as a hydro- 
carbon, but this assumption is extremely improbable from the 
properties of the compound. 

Archil and Litmus . 

Various kinds of lichens, for example Lecamra tinctoria and 
Roccella tinctoria , possess the property of giving violet or blue dye- 
stuffs when submitted to the joint action of ammonia and air. 
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These lichens contain a number of peculiar acids (lecanoric acid, 
•erythrfc acid, roccellic acid, &c.), which are split up by alkalies, 
the final products being orcin, C 6 H 3 CH 3 (OH) 2 , and *erythrite, 

C 4 H 10 O 4 . 

Orcin is the only compound important for the production of 
lichen colours; with ajr and ammonia it yields orcein, C 7 H 7 N0 3 ?, 
which is the principal dyestuff contained in archil [60, (fL, 62, 63]. 

Orcein gives sparingly soluble lakes with calcium aryl the 
heavy%netals, but does not appear to be a real adjective dyestuff. 

Commercial archil is prepared by moistening the weeds with 
ammonia and exposing the mixture to the air. * Formerly putrid 
urine was use # d in place of the ammonia. The product obtained 
may be worked up into Extract, “ Archil liquor; ” or dried and 
powdered, or is sold in the crude form as “ Archil pasted These 
products all contain orcein in form of its ammonia salt. 

The dyeware known as Cudbear is similar to powdered archil. 
Besides orcein, archil is said to contain two other colouring- 
matters of unknown composition, azoerythrin and erythroleic 
acid [60] . 

Archil is principally employed in wool and silk dyeing, less in 
calico-printing. It may be dyed on wool from acid, neutral, or 
alkaline baths. An addition of alum, stannous chloride, oxalic 
acid, or tartaric acid is njade to the dyebath. 

The calcium lake is used in printing, and is dissolved in acetic 
acid and fixed by steaming (“French purple-”). The shades 
obtained with archil are purple, and may be modified with indigo 
or cochineal. 

Archil has been displaced to a certain extent by azo dyestuffs, 
but still has considerable importance in wool-dyeing. This is dpe 
to the various conditions under which archil may be employed, 
and it can therefore be used to modify the shades of nearly all 
other dyestuffs. 


Litmus , 

If the lichens used for the manufacture of archil are submitted 
to a longer treatment with ammonia, potash and lime being also 
added, the orcin is converted to litmus — a dyestuff which is re& 
in the free gtate, and yields blue salts. A' similar product may be 
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obtained direct from orcin by continued digestion with a mixture 
of ammonia and soda solution [64] . 

Litmus comes into commerce in small tablets mixed with chalk 
or gypsum, the commercial product containing only a small 
quantity of dyestuff. 

Litmus is best known as an indicator in yolumetric analysis, but 
is also used to inconsiderable extent for colouring wine and for 
blueing in laundries. 

According to Kane (60), litmus contains four colouring-makers — 
Erythrolein, Azolitmin, Erythrolitmin, and Spaniolitmin— the first 
two being the nfost important. It is improbable, however, that 
these compounds are chemical individuals. 

According* to Wartha (61), some kinus of litmus contain indigo. 

Carthamin [ 62 ], 

c 16 h 17 0 7 (?). 

Safflower, the petals of Carthamm tinctorms , fee., contains, 
besides a yellow dyestuff, a red one, carthamine, which was of 
considerable importance before the introduction of the artificial 
dyestuffs. 

To prepare carthamin, safflower is washed with water to remove 
the yellow dyestuff, and is then extracted with dilute soda solution, 
and filtered. Cotton yarn is immersed m the alkaline solution, 
and the liquid acidulated with citric acid. The cotton takes up 
the carthamin, which is removed with soda solution, and pre- 
cipitated with citric acid. Obtained in this manner carthamin 
forms a lustrous green powder, sparingly soluble in water and ether, 
readily in alcohol. It dissolves in alkalies with yellowish-green 
eoiour. On fusion with potash it gives oxalic acid and para-oxy-* 
benzoic acid. Carthamin dyes animal fibres and unmordinted 
cotton from a slightly acid bath. It produces a beautiful pink 
colour on silk. m 

Carthamin enters commerce in a nearly pure state as saf- 
flower extract. For dyeing, the extract is dissolved in soda and the 
dyebath acidified with citric or other acid. In place of this 
extract the soda solution from safflower, which has been extracted 
with water, may be directly employed. 

* Carthamm is also used as rouge in admixture with talc, chalk, 
or starch. It is also employed as an artists* colour, r 
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The yellow colouring-matter of safflower, which according to 
Malm has the composition C 3 4H3o0 15 [63], is o£ no importance in 
dyeing. 

Santalin [ 64 , 65 , 66 ]. 

Sandal-wood or Sajiders-wood (from Pterocarpus santalinus ) 
eontayis a resinous red dyestuff of slightly acid ^properties. 
Santalin, C 15 H 14 0 6 , is obtained by precipitating an alcoholic extract 
of sandalwood with lead acetate, and decomposing the lead lake 
with dilute sulphuric acid. It crystallises from alcohol in red 
prisms, M.P. t 104°. It is sparingly soluble in water, dissolves in 
alcohol and ether with a blood-red colour, and in aljcalies with a 
violet colour. It gives violet insoluble lakes with calcium, barium, 
and the heavy metals. 

Franchimont [67], who could obtain santalin only in an amor- 
phous state, ascribes to it the formula C 17 H 16 0 6 . On heating with 
hydrochloric acid to 200°, he obtained methyl chloride and an 
amorphous body (C 8 H 19 0 5 ?), which gives a violet-black solution 
with alkalies. 

Santalin is largely used in wool-dyeing and is employed as 
rasped sanders-wood, which is directly added to the dyebath. It 
produces a good reddish-brown shade on chromed wool, which is, 
however, not very fast tp light. 

An alcoholic extract of sanders-wood is also used for colouring 
tinctures, varnishes, and also for staining wood. 


AlJcannin [ 70 ], 

c 15 h 14 o 4 . 

Alkanet, the root of Anchusa tinctoria , contains the above red 
dyestuff. It is of slightly acid character, and has not been obtained 
in a crystalline state. It is insoluble in water, dissolves easily in 
alcohol, ether, ligroin, and fatty oils, forming red solutions. It 
dissolves in alkalies with a blue colour, and is reprecipitated by acids 
in red flakes. It gives' an insoluble lake with baryta. It is pro- 
bably a derivative of methylanthracene, C 15 H 12 , as it yields this 
hydrocarbon on distillation with zinc powder [93] . 

The diacetyl compound, C 16 H 13 (C 2 H 3 0) 2 0 4 , is formed by tne 
action of acetic anhydride ajad sodium acetate [70]. 
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Alkannin dissolves in concentrated sulphuric acid with a blue 
colour. Nitric acid oxidises it to oxalic acid and succinic acid. 

Alkannin (in form of an extract of alkanet root) is used fo'r 
colouring oils, pomades, tinctures, &e. 


Crocin and CrocetM . 

r 

Saffron, the stigmata of Crocus sativus , contains according to 
Quadrat [71] and Weiss [72] a yellow glucoside, pojycllroite, 
C 48 H 68 0 18 [73]. According to these chemists it may be split up 
into crocin, C lc lf ls O c , sugar, and an ethereal oil. 

R. Kayser [74] terms polychroit “ crocia,” and crocin ^crocetin/' 
and ascribes to the former the formula u 14 H 70 O 2 8, and to the latter 
C 34 H 46 0(). According to him, crocin splits up into crocetin and 
saffron sugar, C 6 Hi 2 O c , while the ethereal oil is a product of the 
decomposition of picrocrocin. 

L. Meyer [73] and Rochleder obtained crocin from the pods of 
Gardenia grandifiora , but it is not certain whether their product is 
identical with the above. They obtained a glucoside, C r>8 H 80 O 31 , 
which splits up into sugar and crocetin, C 34 H 3G 0 4 . As these bodies 
were only obtained in an amorphous state, these formulae appear 
to be doubtful. 


Lo-Kao (Chinese Geeen). 

The above is a commercial green dyestuff prepared from the bark 
of various species of Bhamnus (Rhamnus utili$ } Rh . chlorophlorus ) . 
It consists chiefly of the alumina and lime lakes of the glucoside. 

This latter is termed lokain by Cloez and Guiguet [75], and 
lokfxmic acid by Kayser [76]. 

According to Cloez and Guignet a compound has the formula 
an d is decompose4 by acids, yielding glucose and 
lokaetin, C 9 H 8 O 0 [75] . Kayser, on the other hand, gives to^fokain 
(lokaonic acid) the formula C 42 H 48 0 2 7, and to lokaetin (lokanic 
anid) the formula C SG H 3G 0 2l . The sugar produced in the formatiorr 
of the latter is not glucose, but an inactive modification which 
Kayser terms Lokaose. Lokain forms a deep bluish-black mass 
which takes a metallic lustre on rubbing. It is insoluble in water, 
afeohol, ether, chloroform, and benzene, but soluble in alkalies 
with a blue colour, which is changed to red by reducing^agents. 
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The ammonium salt forms lustrous bronzy crystals. The other 
salts are amorphous ; those of the heavy metals are insoluble. 

’ Lokaetin (lokanic acid) forms a violet-black powder only soluble 
in alkalies, with a violet colour. 

According to Kayser it reacts with sulphuretted hydrogen, 
forming a crystalline compound containing sulphur. 

Concentrated sulphuric acid produces a brown amorphous com- 
pound*, which is stated to be C 7 H G 0 4 by Cloez and Guignet, and 
C 36 H 2 5Q^by Kayser. 

The formulae for the compounds described above must be re- 
garded as doubtful, as the nature of the substances affords little 
guarantee for'their purity and the analysis gives little idea of the 
true size of the molecules^ 

Lo-kao is used, especially by the Chinese, for dyeing wool and 
silk. It may be fixed on cotton from an alkaline bath, but is also 
frequently used in a reduced state as a vat, stannous chloride or 
ammonium sulphide being used as reducing agents. The shade 
produced is a fine bluish green, very fast to light. 

Cochineal . 

The important dyeware known as cochineal consists of the dried 
female of an insect, the Coccus cacti coccinellifera , which lives on 
certain species of cactus.* The colouring principle of cochineal is 
glucoside carminic acid, of the formula C 17 H 16 Oi 0 [77]. 

Carminic acid is prepared by precipitating an aqueous decoction 
of cochineal with lead acetate, and decomposing the lead lake with 
a quantity of sulphuric acid insufficient for the whole. The 
solution of carminic acid thus obtained is evaporated to dryness at 
a low temperature, and the residue crystallised from absolute 
alcohol. 

Obtained in this manner, carminic acid forms a purple-brown 
mass which gives a scarlet powder on trituration. It is with diffi- 
culty soluble in ether, easily in water and alcohol. 

^It is a weak dibasic acid, forming violet salts; those with the 
alkalies are easily soluble, with the earths and heavy metals they 
are insoluble. The sodium salt may be crystallised; the other 
salts are amorphous. 

On boiling with dilute acids, carminic acid is split up int<?» 
carmine-rec^ C h H 12 0 7 , and^a sugar, C 6 H 10 O 5 . In general, car- 
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minic acid gives the same decomposition products as carmine-red. 
If an ammoniacal solution is allowed to stand* a nitrogenous 
compound is formed* possessing totally different dyeing properties. 
On a large scale this product is prepared for dyeing by maceration 
of ground cochineal with ammonia* and is used under the name of 
ammoniacal cochineal. 

In dyeitfg* this product gives much bluer shades* and is used for 
modifying cochineal scarlets. 

Carmine-red . 

CllHjgOy. 

Carmine-red is prepared from the lake obtained by precipitating 
a cochineal decoction with lead acetate. This lead lake is dis- 
solved in dilute sulphuric acid* freed from lead by sulphuretted 
hydrogen, and boiled with very dilute sulphuric acid for some 
hours. Barium carbonate is added till a violet coloration ensues* 
and then filtered rapidly and precipitated with lead acetate. The 
lead lake is decomposed and the filtrate evaporated to dryness in 
vacuo. 

Carmine-red is a dark red substance* which appears green by 
reflected light. It is insoluble in ether* but soluble in water and 
alcohol with a red colour. Reducing agents convert it to a colour- 
less compound. On fusion with potash earminic acid yields coccinin 
[80]* and on heating with water to 200° ruficarminc is formed [82] . 

By boiling earminic acid with nitric acid* trinitrococcussic add 
(trinitrocresotinic acid)* 

/OH 

C 7 H/~ COOH* 

^(N0 2 ) s 

is formed [78] . 

Bromine reacts with earminic acid* producing two bretoinated 
compounds, a-bromcarmine, C 10 H 4 Br 4 O 3 [81], forms colourless 
needles, M.P* 248°* which are soluble in alkalies. On boiling with 
strong potash solution it yields oxybromcarmine* which behaves 
like an oxyacid of the formula 

C 9 H«BrA<cootf 
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On Oxidation with, potassium ‘.permanganate, oxyhromcarmine 
yields an acid of the formula C 9 H 6 Br 2 0 4 , probably dibromoxy- 
tolvlformic acid, C 7 H 5 OBr 2 COCOOH. Dibrommethoxyhnethyl- 
phthalic anhydride, 

OCH 3 

CH 3 -C 6 Br 2 -CO x 

x co/° 

is also formed [81]. 

/S-bron^carmine, C 11 H 5 Br 3 0 4 , forms yellow needles, M.P. 232°, 
and gives red dibasic salts with the alkalies. 

On oxidation with potassium permanganate it yields dibrom- 
oxymethylbenzoyldicarboi^c acid. 


n /COOH 

C r H 4 OBr 2Nco _ C00H 


and the above dibrommethoxymethvlphthalic anhydride [81]. 

Ruficoccin, C 16 H 10 O 6 , is formed along with a compound of the 
composition C 32 H 20 O 13 by heating carmine-red with sulphuric acid 
to 130-1 40° [82 j" 

Ruficoccin is a brick-red powder, sparingly soluble in water and 
ether, easily soluble in alcohol. It dissolves in alkalies with a 
brown colour., On distillation with zinc powder a hydrocarbon, 
<D 16 H 12 , is formed [82], 

Ruficarmine [82J forms a carmine-red powder insoluble in 
water, but easily soluble in alcohol. 

Carmine-red is a dibasic acid, and forms salts similar to those of 
carminic acid. 

Coecinin, C 14 H 12 0 5 [80], is formed on melting carminic acid or 
carmine-red with potash. It forms yellow leaflets, insoluble in 
water, but soluble in alcohol and alkalies. The alkaline solutxOn 
becomes oxidised on exposure to the air, the colour changing 
through green to red. A solution of coccinin in concentrated 
sulphurjc acid gives a blue coloration on addition of manganese 
dioxide. 

v Carmine . — This is a commercial product made from cochineal, 
which is used by artists and for colouring confectioner^, and also 
as rouge. Carmine forms porous red masses, which are easily 
rubbed to fine powder. It is insoluble in water and alcohol, but 
dissolves completely in ammonia if free from adulteration witft 
kaolin, stajjph, &e. 
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The exact method employed for this preparation is unknown ; 
various recipes are in vogue, according to which the essential 
consists in precipitating an aqueous decoction of cochineal with 
alum. According to the researches of Liebermann [83] carmine 
contains about 3 per cent, of alumina and about the same quantity 
of lime, and also about 20 per cent, of albuminoid matters. 

As the Mme and alumina dissolve in ammonia and cannot be 
detected therein by the ordinary reagents, it is probable *that a 
peculiar lake of carmine-red is present, in which the albuiffinoids 
play a part. # 

The colour of carmine, and especially that of its ammoniacal 
solution, differ considerably from that o£ carmine-reft. 

The above" ammoniacal solutions were^formerly used as red ink. 

Cochineal is employed in dyeing for production of scarlet shades. 
Before the introduction of the red azo-dyestuffs cochineal was the 
only material which could be used for scarlets, but recently, owing 
to competition with the artificial dyestuffs, its use has greatly 
diminished. Neither carminic acid nor carmine-red can be fixed 
without mordant. The finest scarlet tones are obtained with the 
tin lake of carminic acid, or probably of the carmine-red formed 
by its decomposition. 

In dyeing wool scarlet, the mordanting and dyeing operations 
are generally carried out in one bath, the material being boiled 
with ground cochineal and stannous chloride, an addition of tartar 
or oxalic acid being generally made. Yellower shades are obtained 
by addition of weld, flavine, or fustic. 

The alumina lake has violet colour, and the iron a blackish-grey* 
Owing to the latter, it is important to have water mordants, &c., 
perfectly free from iron in dyeing cochineal scarlet. 

Ammoniacal cochineal produces bluer shades on tin mordants. 
Cochineal is seldom used in cotton-dyeing. Cochineal lakes are 
often used in printing, being mixed with albumen and fixed by 
steaming. The artists* colour known as Florentine lake is prepared 
by precipitating a decoction of cochineal with alum and soda* or 
chalk. It contains the alumina lake of carminic acid, mixed with, 
excess of alumina and chalk. 
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Lac-dye . 

Lac-dye is also a product of a species of Coccus , the Coccus 
lacca or C . ficus. These insects live on the branches of Ficus 
religiosa and Ficus indica. A resinous matter exudes from the 
tree and envelopes the insects. The twigs are cut off along with 
the resin, and sold as stick-lac. On treating stick-lac tfith water, 
the colouring-matter dissolves, and the residue, melted and squeezed 
through calico, forms commercial shellac. The exact method by 
which commercial lac-dve is prepared is kept secret, but it probably 
consists in precipitation of an alkaline decoction of stick-lac with 
alum. 

The colouring-matter contained in lac-dye was long considered to 
be identical with that of cochineal, but, as shown by the researches 
of R. E. Schmidt [95], it is a new body, laccainic acid, C 16 H 13 0 8 . 

Lac-dye is used in dyeing in a similar manner to cochineal, the 
principal difference being that it requires a very acid bath. The 
shades produced are not so clear as those of cochineal, but surpass 
the latter in fastness both to light and alkalies. 

Kermes, another insect ( Coccus ilicis , C. baphia ), contains 
analogous, colouring-matters, and was formerly used in dyeing, 
but has now gone out of use. 

Qther insects, for example Coccus polonicus, C. frag aria, contain 
£ed dyestuffs. 

Colouring-matter of Tyrian Purple [84, 85]. 

Certain molluscs {Purpura lapilius , P. hamastoma , and various 
species of Murex ), when crushed and exposed to sunlight, develop 
a purple dyestuff which was highly prized by the ancients. 
According to Schunck [84] the dyestuff, punicine, is insoluble in 
water, alcohol, and ether, slightly soluble in benzene and glacial 
acetic a#id, and easily soluble in aniline and concentrated sul- 
phuric acid [85]. It sublimes with partial decomposition in 
ieMets, which have a metallic lustre. 

Wift regards this dyestuff as indigo mixed with a red dyestuff 
less fast to light. On ancient purple cloth this red has been 
bleached in course of time, and only the blue-indigo ground, 
remains. Compare Witt [98] . 
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The exact method employed for this preparation is unknown ; 
various recipes are in vogue, according to which the essential 
consists in precipitating an aqueous decoction o£ cochineal with 
alum. According to the researches of Liebermann [83] carmine 
contains about 8 per cent, of alumina and about the same quantity 
of lime, and also about 20 per cent, of albuminoid matters. 

As the Kme and alumina dissolve in ammonia and cannot be 
detected therein by the ordinary reagents, it is probable ‘that a 
peculiar lake of carmine-red is present, in which the albuiffinoids 
play a part. 

The colour of carmine, and especially that of its ammoniacal 
solution, differ considerably from that ok carmine-recL 

The abover ammoniacal solutions were'' formerly used as red ink. 

Cochineal is employed in dyeing for production of scarlet shades. 
Before the introduction of the red azo-dyestuffs cochineal was the 
only material which could be used for scarlets, but recently, owing 
to competition with the artificial dyestuffs, its use has greatly 
diminished. Neither carminic acid nor carmine-red can be fixed 
without mordant. The finest scarlet tones are obtained with the 
tin lake of carminic acid, or probably of the carmine-red formed 
by its decomposition. 

In dyeing wool scarlet, the mordanting and dyeing operations 
are generally carried out in one bath, the material being boiled 
with ground cochineal and stannous chloride, an addition of tartar 
or oxalic acid being generally made. Yellower shades are obtained 
by addition of weld, flavine, or fustic. 

The alumina lake has violet colour, and the iron a blackish- grey* 
Owing to the latter, it is important to have water mordants, 
perfectly free from iron in dyeing cochineal scarlet. 

Ammoniacal cochineal produces bluer shades on tin mordants*. 
Cochineal is seldom used in cotton-dyeing* Cochineal lakes are 
often used in printing, being mixed with albumen and fixed by 
steaming. The artists' colour known as Florentine lake is prepared 
by precipitating a decoction of cochineal with alum and soda' or 
chalk. It contains the alumina lake of carminic acid, mixed with 
excess of alumina and chalk. 
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Lac-dye . 

Lac-dye is also a product of a species of Coccus , the Coccus 
lacca or C. ficus . These insects live on the branches of Ficus 
reiigiosa and Ficus indica. A resinous matter exudes from the 
tree and envelopes the insects. The twigs are cut off along with 
the resin, and sold as stick-lac. On treating stick-lac tfith water, 
the colouring-matter dissolves, and the residue, melted and squeezed 
through calico, forms commercial shellac. The exact method by 
which commercial lac-dve is prepared is kept secret, but it probably 
consists in precipitation of an alkaline decoction bf stick-lac with 
alum. # % 

The colouring-matter contained in lac-dye was long considered to 
be identical with that of cochineal, but, as shown by the researches 
of R. E. Schmidt [95], it is a new body, laccainic acid, C 16 H 13 0 8 . 

Lac-dye is used in dyeing in a similar manner to cochineal, the 
principal difference being that it requires a very acid bath. The 
shades produced are not so clear as those of cochineal, but surpass 
the latter in fastness both to light and alkalies. 

Kermes, another insect ( Coccus ilicis, C. b aphid), contains 
analogous colouring-matters, and was formerly used in dyeing, 
but has now gone out of use. 

Qther insects, for example Coccus polo, nicus, C. frag aria, contain 
ted dyestuffs. 


Colouring-matter of Tyrian Purple [ 84 , 85 ]. 

Certain molluscs ( Purpura lapillus, P . hamastoma , and various 
species of Mured), when crushed and exposed to sunlight, deveipp 
a purple dyestuff which was highly prized by the ancients. 
According to Schunck [84] the dyestuff, punicine, is insoluble in 
water, alcohol, and ether, slightly soluble in benzene and glacial 
'acetic a#id, and easily soluble in aniline and concentrated sul- 
phuric acid [85]. It sublimes with partial decomposition in 
telflets, which have a metallic lustre. 

Witt regards this dyestuff as indigo mixed with a red dyestuff 
less fast to light. On ancient purple cloth this red has been 
bleached in course of time, and only the blue-indigo ground? 
remains. Compare Witt [98] . 
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Catechu . 

The commercial products known as Catechu and Cuteh are 
prepared by evaporation of aqueous extracts of the wood of Acacia 
catechu and allied species, common in India, Gamhier is a similar 
preparation; its exact composition has •not been investigated. 
Catechu serves technically both as a colouring-matter myl as a 
tannip, and is largely employed in cotton-dyeing and in tapping. 

The principal constituents of catechu arc eat cell in and catechu- 
tannic acid. 

Cateehin . — On treating catechu with cold water, ^afcechu-tannic 
acid dissolves, and the cateehin contained in the residues may be 
obtained by extraction with boiling- water. Cateehin separates 
from the solution on cooling, and may be purified by reerystal- 
lising from boiling-water. It forms minute white needles, M.P. 
21 7°, which are sparingly soluble in cold water, readily in alcohol 
and in boiling-water, Cateehin yields pyroeatechin and phloro- * 
glncin on beating with dilute sulphuric acid under pressure. It 
does not precipitate solutions of gelatine, tartar-emetic, or alka- 
loids, thus differing from the tannins. 

There is some uncertainty as to the exact composition of 
cateehin. Liebermann and Tauchert give the formula 

C*iII»Oo+5H*© 

as most probable, and they have also analysed a diacetyl com- 
pound, M.P. 128°~130°, which supports this formula [105], 

Etti ascribes to cateehin the formula C 3 h H 3(} O u ,, and uses this Id. 
the following series of anhydrides described by him [106] • . j * u 

By the action of heat, or of dilute acids, cateehin gives 
sefies of anhydrides. The first of these, eateehu-taftitid 
C 38 H S4 O ir) , is a natural constituent of catechu. This 
and the dianhydride C 3H II B2 O u , and the trianhydrid$ G&iy6 13 , 
precipitate gelatine, and have a resemblance to the true Jannins. 
Further heating gives rise to the production of a fourth anhydride, 
catechuretin, C 88 H 28 O i2 , a compound insoluble in water. * 

Cateehin reacts with two molecules of diazobenzene chloride, 
producing a catechinazobenzene. 

' On ’oxidation with potassium bichromate, cateehin yields 
japonic acid, a reddish-brown compound, the chromium or copper 



DYESTUFFS OF UNKNOWN CONSTITUTION. 271 

lake of which, is probably formed in the ordinary methods of 
dyeing *with catechu. 

Catechu-tannic Acid . — This body, also known as cateehin-red, 
is obtained by extracting catechu with cold water, or by heating 
catechin with water to 110°. It precipitates gelatine but not 
tartar-emetic, and gives a green coloration with ferric acetate. 

It yields a reddish-brown compound on oxidation vvith potas- 
sium l^chromate, probably identical with the japonic acid formed 
on oxidation of catechin. • 

Catechi* is principally used in cotton -dyeing. It gives yel- 
lowish shades on goods mordanted with aluminium or tin salts ; 
but its main application is for the production of brown shades, 
which are very fast. T^e goods are steeped in a solution of 
catechu and passed through a bath of potassium bichromate, to 
which copper sulphate is sometimes added. The brown may 
also be developed by airing or ageing. In calico-printing, catechu 
may be fixed by one of the methods used for aniline black. A 
mixture of catechu, potassium chlorate, and sal-ammoniac is 
printed, and the colour developed by steaming. 

■ Cachou de Laval [ 97 ]. 

The above dyestuff, also knpwn as Fast Grey, is a commercial 
product prepared by melting various organic substances (sawdust, 
bran, &c.) with sodium sulphide. 

These products, discovered by Croissant and Bretonni&re, contain 
peculiar weak acid dyestuffs, which contain sulphur. 

CachoU de Laval dyes unmordanted cotton from an alkaline bath, 
producing brownish shades, which are capable of modification by 
passage through baths of various metallic salts (copper and iron, 
chromium salts). In spite of its very unpleasant smell, it has "an 
extensive application in cotton- dyeing. 

The shades are very fast to soap. Like canarin and the direct 
dyeing tetrazo-colours, Cachou de Laval is capable of fixing basic 
■ dyestuffs, and the shades can thus be topped at will. 

JBy fusing sodium acetate with sulphur, E. Kopp obtained a sub- 
stance closely resembling Cachou de Laval in its properties. 
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Catechu . 

The commercial products known as Catechu and Guieh are 
prepared by evaporation of aqueous extracts of the wood of Acacia 
catechu and allied species, common in India. Gambicr is a similar 
preparation; its exact composition has «not been investigated. 
Catechu swerves technically both as a colouring-matter aiyd as a 
tannip, and is largely employed in cotton-dyeing and in tapping. 

The principal constituents of catechu are catechin anil catechu- 
tannic acid. 

Catechin . — On treating catechu with cold water, patechu -tannic 
acid dissolves, and the catechin contained in the residues may he 
obtained by extraction with boiling- water. Catechin separates 
from the solution on cooling, and may he purified by recrystal- 
lising from boiling-water. It forms minute white needles, M.P. 
217°; which are sparingly soluble in cold water, readily in alcohol 
and in boiling-water. Catechin yields pyrocatechin and phloro- 
glucin on heating with dilute sulphuric acid under pressure. It 
does not precipitate solutions of gelatine, tartar-emetic, or alka- 
loids, thus differing from the tannins. 

There is some uncertainty as to the exact composition of 
catechin. Liebermann and Tauchcrt give the formula 

C 21 IT 2 A + 5II 2 @ 

as most probable, and they have also analysed a diaeetyl com- 
pound, M.P. 128°~130°, which supports this formula [105]. 

Etti ascribes to catechin the formula CaallaAfl, and uses this in 
the following series of anhydrides described by him [106], , .A 

By the action of heat, or of dilute acids, catechin gives 
series of anhydrides. The first of these, catechu- ta&uie l|I| 
CjaH^Ous, is a natural constituent of catechu. This 
and the dianhydride C 3a II 82 O u , and the trianhydride 
precipitate gelatine, and have a resemblance to the true Jannins. 
Further heating gives rise to the production of a fourth anhydride, 
catechuretin, a compound insoluble in water. 

Catechin reacts with two molecules of diazofeenzene chloride, 
producing a catechinazobenzene. 

On oxidation with potassium bichromate, catechin yields 
japonic acid, a reddish-brown compound, the chromium or copper 
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lake of which is probably formed in the ordinary methods of 
dyeing *with catechu. 

. Catechu-tannic Acid . — This body, also known as catechin-red, 
is obtained by extracting catechu with cold water, or by heating 
catechin with water to 110°. It precipitates gelatine but not 
tartar-emetic, and gives a green coloration with ferric acetate. 

It yields a reddish-brown compound on oxidation udth potas- 
sium bichromate, probably identical with the japonic acid formed 
on ox^ation of catechin. • 

Catechu is principally used in cotton-dyeing. It gives yel- 
lowish shades on goods mordanted with aluminium or tin salts ; 
but its main application is for the production of brown shades, 
which are very fast. T^e goods are steeped in a solution of 
catechu and passed through a bath of potassium bichromate, to 
which copper sulphate is sometimes added. The brown may 
also be developed by airing or ageing. In calico-printing, catechu 
may be fixed by one of the methods used for aniline black. A 
mixture of catechu, potassium chlorate, and sal-ammoniac is 
printed, and the colour developed by steaming. 

Cachou de Laval [ 97 ], 

The above dyestuff, also known as Past Grey, is a commercial 
product prepared by melting various organic substances (sawdust, 
bran, &c.) with sodium sulphide. 

These products, discovered by Croissant and Bretonnikre, contain 
peculiar weak acid dyestuffs, which contain sulphur. 

Cachou de Laval dyes unmordanted cotton from an alkaline bath, 
producing brownish shades, which are capable of modification by 
passage through baths of various metallic salts (copper and iron, 
chromium salts). In spite of its very unpleasant smell, it has an 
extensive application in cotton- dyeing. 

The shades are very fast to soap. Like canarin and the direct 
dyeing tetrazo-colours, Cachou de Laval is capable of fixing basic 
dyestufl?, and the shades can thus be topped at will. 

JBy fusing sodium acetate with sulphur, E. Kopp obtained a sub- 
stance closely resembling Cachou de Laval in its properties. 
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APPENDIX. 


NITBO-COMPODNDS. 

P. 25. Naphthol Yellow S. 

The «-naphtholtrisulphonic acid used in the manufacture of 
naphthol yellow S has the constitutional formula : g 


OH 



SO s H 


The free acid of naphthol yellow S is constituted according to 
the formula : 



AZO-DYES, 

56. Chromotropes. 

The§e colouring-matters Ure prepared by action of diazo-com^ 
pounds on the chromotrope acid (see p. 295). The. commercial 
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brands are 2 R, 2 B, 6 B, 8 B, and 10 B, They dye wool from an 
acid bath ; the shades vary from a bright scarlet with 2 il to a, 
reddish violet with 10 B, but are not fast to soap. More valuable 
results are obtained when the chromotropes are applied in con- 
junction with a mordant. Darker and faster shades are obtained 
by boiling the goods dyed with these dyestuffs with salts of copper, 
aluminium^ and iron, and various shades of 1 *black are produced by 
action of potassium bichromate. It has been found advantageous 
to usa the mordant after dyeing, the operation taking place m the 
same bath. Chromotrope 8 B gives the best and fastes^shade of 
black. The property of combining with metallic mordants pos- 
sessed by these dyestuffs is due to the presence of 4wo hydroxyl- 
groups in the peri position. Chromotrgpes 2 R, 2 B, and 6 B give 
a red solution with concentrated sulphuric acid, 8 B and 10 B give 
a blue solution. 


Amidonaphtholsulphonic Acids , 

Several of these acids are known, hut only one, the 7 or G acid, 
is of importance. It is prepared by action of caustic soda on 
/3-n aphthy laminedi s ulphonic acid G (from /3-naphtholdisulphonic 
acid and ammonia) at about 260°, It may be diazotised, and 
reacts with diazo-compounds to produce azo-colours, which may 
be diazotised and combined on the fibje with other amines and 
phenols. (See below, under Tetrazo-colours.) 

The reaction between tetrazo-compounds and y-amidonaphthol- 
sulphonic acid may be effected in either alkaline or slightly acid 
solution, and the products differ according to which condition 
is observed. The exact reason for this behaviour has not been 
explained. For example, in the preparation of diamine blacks R 
ana B, and diamine blue-black E, the combination of the tetmo- 
compound with 7-amidonaphtholsulphonie acid is effected in 
alkaline solution, while in the cases of Diamine Violet and Fast 
Red a slightly acid solution! is used, 

P, 60. The following Azo-dyes contain the groups necessary 
theoretically for the formation of mordant-dyeing colours. In fact 
they yield fast shades when applied in conjunction with a chromium 
mordant* It may be remarked that Diamond Black (p, 66) belongs 
to the same category. 
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Dyestuff. 

Diazotised Base. 

Combined ivith 

Diamond Yellow Gh . 

M-amidobenzoic acid. 

Salicylic acid. 

Diamond Yellow B. . 

O-amidobenzoic acid, 

Salicylic acid. 

1 mol. salicylic acid, 1 mol. * 

Cloth Brown B .... 

Benzidine. 

a-naphtholsulphonic 

acid. 

Clot\ Brown Gr .... 

Clotft Orange ...... 


1 mol. salicylic acid, 1 mol. 

/3/3-dioxynaphthalene. 

1 mol. salicylic acid, 1 mol. 
resorcin. 


P. 66. Several black dyes of the disazo class have recently 
appeared in commerce, afia the more important of these are given 
here. In the list the dia^)-compound of the first-named body is 
allowed to react with the second, and the resulting amido-azo- 
compound is diazotised and combined with the third constituent. 


Blue-Black B , . , , , 
Azo Black 


Naphthol Black B . , 
Naphthol Black 3 B 

Naphthol Black 6 B , 

New Black 

Anthracite Black . , 

Victoria Black , , , 


/3-naphthylaminesulphonic acid 4 - a-naphthylamine 4 “ 
/3-naphtholdisulphonic acid B. 
j /3-naphthylamine-y-disulphonic acid 4- a-naphthylamine 
" ( +K acid. 

I a-naphthylaminedisulphonic acid B + a-naphthyl- 
( amine 4- B acid. 

j a-naphthylaminedisulphonic acid (Dahl) 4~a-naphthyl- 
( amine 4~ B. acid. 

t f j a-naphthylaminedisulphonic acid B -j- a - naphthyl- 
. . j arRine+diphenylmetaphenylenediamine. 

I Sulphanilic acid 4- a-naphthylamine + 1*8 dioxy- 
* ' I naphthalenesulphonic acid. 


p. 69. a-Naphthylaminesulphonic Acids . 

On nitration of a-naphthalene-sulphonic acid, or on sulphonation 
of a-nitronaphthalene, a mixture of two acids is formed. These 
are separated by taking advantage of the different solubilities" of 
their sodium salts in water. 

The sparingly soluble sodium salt yields an a-naphthylamine- 
sulphoijjc acid on reduction, which has the constitution expressed 
by the formula : 

NBL 
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V 

It is known as naphthalidinesulphonic acid or simply as Laurent s 
acid. It is used, but not to any' great extent, in the manufacture 
of azo-colours. The more easily soluble sodium salt obtained above 
yields a-naphthylaminesulphonie acid S (peri -acid) on reduction. 
If has the constitution : , * 


SOJI nii 3 



It has hitherto not been made use in the preparation of 

azo-dyes. * ** . . . 

The preparation of these acids is described in British Patents 

Nos. 15775 and 15782, 1885. 

The Laurent acid is also formed by action of fuming sulphuric 
acid on a-naphthylamine hydrochloride or on acet-a-naphthalide. 


a-Naphthylaminedisulphonic Acids. 

Certain of these acids are used in the manufacture of black 
azo-colours. A mixture of acids is formed by sulphonation of 
naphthionic acid with fuming sulphuric acid, and these are 
separated by treating the calcium salts of the mixture with alcohol. 
The calcium salt soluble in alcohol of 96 % y^lds acid No. I., the 
residue contains acids II. and III., of which II. is soluble m alcohol 
of 85 °/ . Acid I. yields azo-colours of no value, and No. III. is 
of greater importance than No, II. Germ, Pat. 41957, Sept. 4, 
1886. 


# fi-Naphthylaminedisidphonic Acids , 

These acids arc prepared by heating the correspoudingj3-naph- 
tholdisulphonic acids with ammonia. Thus R acid yields It-amido- 
acid and G- (7) -acid yields G- (y)-amido-acid. The 
is also obtained by sulphonation of /3-naphthylamine at 100-140 
with fuming sulphuric acid. 


a-N aphiholdisulphonic Adds. 

Schollkopf add. — a-naphthylaminesulphonic acid S (suprh) 
ri^ yulphouated, and the resulting disulphonic acid converted into 

1 • m, 
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naphtholdisul phonic acid by the', diazo-reaction. The Scljollkopf 
.acid h£s the constitution 


S0 3 H OH 



SO a H 


(Brit. P.^1885, lo775-15782), It is used in the manufacture of 
azo-dyes. 

II. a-naphtikol-e-disulpjionic cicid (Andresen acid). — The mixture 
of disulphonic acids obtained by sulphonation of naphthalene is 
nitrated and reduced. The sodium salts of the amidodisulphonic 
acids obtained are treated with water. The more easily soluble 
salt yields the Andresen acid by the diazo-reaction, the sparingly 
soluble one corresponds to the Schollkopf acid. 

The Andresen acid has the constitution 


S0 3 H OH 



It yields azo-dyes of a pure bluish shade, and is, next to the 
Nevile-Winther acid, the most important derivative of a-naphthol. 

A peculiar property possessed by a-naphtholsulphonic acids 
which contain hydroxyl- and sulpho-groups in the peri (1*8) 
position, is that they yield anhydrides by elimination of water, and 
these anhydrides (called sultones) are frequently obtained in place 
of the acids, on decomposing the diazo-compounds with boiling 
water. Thus the naphtholsulphonic acid corresponding to 
a-naphSiylaminesulphonic acid S yields napktho-sultone, 

so 2 0 



294 


The Scliollkopf acid gives naphtliOsultonc-sulphonie acid. 



S0 3 II 


while an isomer is obtained from the Andrescn acid. (Literature : 
G. Schultz, Ber.- xx. p. 3102; II. Erdmann, Annalen, ccxlvii. 
p. 344 ; Bernsthen, Ber. xxii. p. 3327 * Annstroi% & Wynne, 
Proc. Chem.'Soe. 1890, p. 125. Brit# Patents, 1885, 15775- 
15782 ; 1888, 4625, 5910.) 


Dioxynaphthalenesulphonic Acids. 

Several of these acids are used in the manufacture of azo-colours. 
I. Dioxynaphtimlenemonosui phonic acid S is prepared by 
melting a-naphtholdisulphonic acid (Schollkopf) with caustic soda, 
and has accordingly the constitutional formula : 

on on 


Azo-fuchsine B. Diazotoluene and dioxynaphthalenesulphonic 

Acid S. 

Azo-fuchsine G. Diazobenzenesulphonic acid and dio*y- 
naphthalenesulphonic Acid S. 

These two dyestuffs dissolve in water with a bluish-red colour, 
and in concentrated sulphuric acid with a violet colour. Azo- 
fuchsine B conies into commerce as a brownish-black powder, 
azo-fuchsine G as a reddish-brown powder. 
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They produce magenta shades on wool and are recommended as 
substitutes for acid magenta on account o£ their fastness to light 
and the clearness of the shades obtained. They may also be used 
for printing woollens prepared with alum and stannic chloride. 
German Pat. 541 16, Oct. 25, 1889. 


Dioxynaphthalenedisulphonic Acid (Chromotrope j^cid). 

* * 

Naphthalene is sulphonated with fuming sulphuric acid at from 

80°-180°^according to the strength of acid employed. The tri- 
sulphonic acid obtained has the constitution 



It is nitrated and reduced, and the resulting amido-acid submitted 
to the diazo-reaction whereby a-naphtholtrisulphonic acid or its 
sultone is formed. This yields a dioxynaphthalenedisulphonic 
acid (Chromotrope Acid) on fusion with caustic soda. 

The chromotrope acid is constituted according to the formula : 



Dyes from Benzidine and Analogous Bases . 

In tbp Table on p. 72 several derivatives of ethoxybenzidine are 
enumerated, and the reactions whereby this base is obtained are 
described here. Diazobenzene chloride reacts with js-phenolsul- 
phohic acid, producing benzene -azo-paraphenolsulphonie acid, the 
azo-chain taking up an ortho-position with regard to the hydroxyl- 
group. 
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mm 

Accordingly tho compound ia constituted according to the 
formula : 

i a 011 1 

C„I I j — N =»N — C„H<' UU 

SOjjH 4 

On heating with ethyl chloride or bromide and alcohol in 
presence of alcoholic potash, an ether is formed. On reduction 
with stannous chloride or zinc-powder and caustic soda, the.ether 
undergoes an intrnmoleenlar change, a sulphonic acid o£ etlsoxy- 
heuxidtm*, of the constitution ; 

/OC,II 5 3 
N I i„— (V.Ih“S(^;, II 6 

4 

is formed. This is heated with water under pressure to 170°, and 
sulphuric acid splits oil', forming othoxybenzidinc sulphate. 

OC 2 H s 

Nll a — € 0 H., 

Ethoxyhenzidine is used in the manufacture of a number of the. 
no-called diamine colours. 

Toluy leuedianii nc» ulphon ic add of the constitution 

nr, 

KII,/~\XIT, 

\/ 

SOjH 
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Cotton-yellow is obtained by action of phosgene on two molecules. 
. of amitlobenzene-azo-salicylic acid, and has the formula : 

CO [NH — C 6 H 4 — N = N — C 6 H 3 . OH . COOH] 2 . 

Salmon-red is prepared in an analogous manner from amidd- 
benzene-azonaphthionjc acid, and has the formula : 

CO[NH-C 6 H 4 -N=N~C 10 H 5 NH 2 . so 3 h] 2 . 

Mimosft is prepared by action of ammonia on the diazo-compound 
of primulme. 

Mikado Colours , — The yellow-orange and brown dyestuffs known 
under this designation a?e prepared by action of alkalies on para- 
nit rotoluenesulphonic acfd in presence of oxidizable substances,' 
such as arsenious acid, glycerine, phenols, tannic acids, &c. Brit. 
Pat. 1888, 2664. 

They are probably more or less impure azoxystilbenedisul- 
phonic acids. They dye cotton directly from a salt bath and 
give moderately fast shades. 

The following Table comprises some of the most important 
direct dyes of recent introduction. 


Dyestuff*. 

Diazotised Base. 

Toluylene Orange .... 

Benzidine. -j 

Diamine Scarlet .... 

■ 

Diamine Scarlet B . . 

• I 

Diamine Drown V . . 

■ 1 

Thiazol Yellow { 
Clayton Yellow j 

Dehydrothiotoluidine- 
sulphonic acid. 


Combined with 


1 mol. toluylene-diamine- 
sulphonic acid. 

1 mol. O-cresol-carbonic 
acid. 

2 mols. /3-naphthol y-disul- 
phonic acid. 

1 mol. phenol. * 

1 mol. /3-naphthol G-disul- 
phonic acid. The pro- 
duct is ethylated. 

1 mol. y-amidonaphthol- 
sulphonic acid, 

1 mol. m-phenylenedia- 
mine. 

Dehydrothiotoluidinesul- 
phonic acid. 


Congo Brown G fy R are prepared by action of diazotised sul- 
phanilic acid and naphthionic acid respectively on the combination 
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obtained from tetrazo-diphenyl with 1 mol. of salicylic acid and 
1 mol. of resorcin. 

Diamine Blue 6 G. — /3-naphthylaminedisulphonic acid diazo- 
tised and combined with 1*2 amidonaphthol ether* The product 
is'diazotised and combined with /3-naphthoL 

Benzo^grey . — Tetrazodiphenyl is combined with equal molecules 
of salicylic ^acid and a-naphthylamine, the product diazotised and 
combined with a-naphtholsulphonic acid (Nevile and Winther). 

Benzo-olive. — Is prepared similarly to the above; dioxynapStha- 
lenesulphonic acid S being substituted for the last-nanfed com- 
ponent. 

Benzo-indigo-blue. — The combination benzidin^ with 1 mol. 
a-naphthylamine is diazotised and comfefned with two molecules 
of dioxynaphthalenesulphonic acid S. 


OXY QUIN ONES AND QUINONE OXIMES. 

P. 91. Alizarin-blue S has the composition expressed by the 
formula : 


C ir H 9 N0 4 +2NaHS0 3 

(H* Brunck and Graebe, Ber. 1882, vol. xv. p. 1783.) 


TEIPHENYLMETHANE DYESTUFFS* 

r* 

P. 110. Cyanine B is prepared by oxidation of tbe sulphonic 
acids of meta-oxytetralkyldiamidotripbenylcarbinol. (Germ. Pat. 
60961.) 

It is a greenish-blue dyestuff, tolerably fast to soap anS light, 
and recommended as a substitute for indigo-extract. 

P. 112." New Magenta. — This product is prepared commercially 
by the synthetic process outlined on p. 112. 

Anhydroformaldehyde-aniline, C e H s — N=CH 2 , is heated -with a 
jfdxture of orthotoluidine and its hydrochloride to 100°. Aniline 
Splits off, and diamido-ditalylmethane 
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. / CH S 

c 6 h 3X 

ch 2 < 

X c 6 h 3< ch * 

• nh 2 

is formed* On furthtr heating with ortho-toluidine, hydrochloric 
acid ; ^nd an oxidising agent, a third molecule of ortho-toluidine 
enters into reaction, the cc new magenta 33 being produced, ^ It is 
accordingly a salt of triamidotritolyl-carbinol, 



OH 


New magenta is more easily soluble than ordinary magenta, and 
dyes a somewhat bluer shade. 

P. 128. Diphenylamine blue . — This compound has long been con- 
sidered as triphenylpararosaniline identical with that obtained by 
phenylation of pararosaniline. Hausdorfer (Ber. xxiii. p. 1961) 
has compared diphenylamine blue with triphenylpararosaniline, 
and demonstrated their identity. 

P. 130. New Green . — Is analagous to Victoria-blue, being the 
condensation product of dimethylamidobenzophenone with a- 
phenylnaphthylamine ((3-erm. Pat. 41756). 

The commercial product is a paste. It is principally intended 
for calico-printing, and gives yellowish-green shades. 

P. 138. Aurotine is the sodium salt of tetranitrophenol- 
phtbalein, prepared by nitration of phenolphthalein in sulphuric 
or acetic acid solution (Eng. P, 3441, 1889). It dyes wool 
either from an acid bath or on a chromium mordant, ^pro- 
ducing orange-yellow shades fairly fast to light and washing. 

P. 142. Cyclamine . — On heating dichlorfluorescein with sodium 
sulphide in aqueous solution, a thiodichlorfluorescei'n is formed. 
This is converted into a tetraiodthiodichlorfluorescein by action 
of iodine, and the sodium salt appears in commerce as cycla- 
mine. It dyes bluish-red shades resembling those obtained with 
phloxine. In general the thio-derivatives dye bluer shades than 
the corresponding fluoresceins. * 

P. 143. Violamine {Fast acid violet) 3 R §■ B . — These dyestuffs are 
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obtained by action of ortho- and para-toluidine respectively on 
fluorescein-chloride. (Germ. Pats. 4905 7, 53300, 1889.) * 

The Yiolamines are used for wool and silk, and give shades, 
fast to alkalies and light. 


QUINONEIMIDE DYESTTjFES. 

P. 158. Thionine blue G 0 . — This dyestuff is closely allied to 
methylene blue, and its constitution is expressed by the formula : 

C 6 H 3 — : N(CH 3 ) 2 


£ 


N<C X S 

C c H 3 =N^C 2 . 
X C1 


It is prepared by oxidation of dimethylparaphenylenediamine- 
thiosulphonic acid (see Methylene Blue) with ethyl-methylaniline, 
and boiling the resulting insoluble green compound with zinc- 
chloride solution. A leuco-compound is formed, and is converted 
into dyestuff by oxidation. The commercial product forms a 
reddish-brown powder. 

Toluidine Blue . — This body is also an analogue of methylene 
blue, the dimethylparaphenylenediamine-tJiiosulphonic acid being 
oxidised with ortho-toluidine. The hydrochloride has the consti- 
tution expressed by the formula : 

C 6 H 3 ~N(CH 3 ) s 

< , > 

c 6 h 2 -ch 3 

NH . TICl 

, The commercial product is the sulphate and forms a darlj, green 
powder, easily soluble in water forming a bluish-violet solution. 
In dyeing, toluidine blue gives redder shades than methyleiTe 
blue. 

Methylene Blue N . — This dyestuff is a recent member of the 
series, and is obtained from ethyl-ortho-toluidine in the same 
manner as methylene. blue from dimethyl-aniline. 
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It dyes redder shades than methylene blue. 

Its^constitution is expressed by the formula : 

/Ha 

c 6 h 2 — nh * c 2 h 5 

X S 

• c 2 h 5 

Cl 

Thiocf^rmine. — This compound is a sulphonic . acid “of the 
methylene-blue series, and is obtained from ethylbenzylaniline- 
monosulphoijic acid. Thiocarmine is an acid dyestuff and pro- 
duces very pure greenish shades of blue on wool, which are, how- 
ever, not very fast to li^Stt. 

(English Patents, 4596 and 19065, 1890.) 

P. 161. — The oxyindamines and oxyindophenols (Past Blue, 
Grallocyanines, &c.) are characterised by the ease with which they 
react with amines of the fatty and aromatic series, and certain 
compounds resulting from such reactions have appeared in 
commerce* 

Cyanamines . — This name has been given to the compounds 
resulting from the action of ammonia and amines in presence of 
an oxidising agent on P,ast Blue R. (A description of Past Blue 
R or Naphthol Blue occurs on p. 161.) 

Ammonia-cyanamine has a greener shade than the original fast 
blue ; the dimethylamine-cyanamine is more valuable on account 
of its pure gfeenish-blue'shade. 

It has been demonstrated that the green shades of fast blue 
contain one of these cyanamines ; the formation of which results 
from the interaction of fast blue R with the dimethylparaplieny- 
lenediamine formed during the reaction. (Schlarb. Chem. Zeit. 
1891, pp. 1281 and 1318; Witt. Ber. 1890, xxiii. p. 2247.) 

• 

P. 165. Delphine Blue and Gallic Indigo are sulphonic acids of 
compounds obtained by heating gallocyanine with aniline and analo- 
gous bases. The constitution of these bodies has not been deter- 
mined ; they are not simple anilides of gallocyanine, as a carboxyl- 
group splits off during the reaction. * 

These dyestuffs are employed in calico-printing, giving pure 


n <3 / CH s 
v C 6 H 2 / 3 
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obtained by action of ortbo- and para-toluidine respectively on 
fluorescein-chloride. (Germ. Pats. 4905 7, 53300, 1889.) * 

The Violamines are used for wool and silk, and give shades- 
fast to alkalies and light. 

, QUINONEIMIDE DYESTUFFS. 

P. 158. Thionine blue G O . — This dyestuff is closely alli^l to 
methylene blue, and its constitution is expressed by the formula : 

C 6 H 3 -N(CH 3 ) 2 

/ s / c % 

C fi H s =N^C 2 H 5 

X C1 

It is prepared by oxidation of dimethylparaphenylenediamine- 
thiosulphonic acid (see Methylene Blue) with ethyl-methylaniline, 
and boiling the resulting insoluble green compound with zinc- 
chloride solution. A leuco-compound is formed, and is converted 
into dyestuff by oxidation. The commercial product forms a 
reddish-brown powder. 

Toluidine Blue . — This body is also an analogue of methylene 
blue, the dimetliylparaphenylenediamine-tiiiosulphonic acid being 
oxidised with ortho-toluidine. The hydrochloride has the consti- 
tution expressed by the formula : 

■ ■■ C 6 H s ~N(CH 3 ) 2 

< > 

. c c h 2 — ci-i 3 

% 

NH . HC1 

The commercial product is the sulphate and forms a darlj, green 
powder, easily soluble in water forming a bluish-violet solution. 
In dyeing, toluidine blue gives redder shades than methyleiTe 
blue. 

. Methylene Blue N . — This dyestuff is a recent member of the 
series, and is obtained from ethyl-ortho-toluidine in the same 
manner as methylene. blue from dimethyl-aniline. 
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It dyes redder shades than methyl elie blue. 

Its*constitution is expressed by the formula : 

CH S 

C 6 H 2 — NH • C 2 H 5 

X S 

\ r <r /CH 3 

C6 H \ n h.c 3 h 5 

Cl' 

Thioc carmine. — This compound is a snlphonic . acid ’of the 
methylene-blue series, and is obtained from ethylbenzylaniline- 
monosulpho^ic acid. Thiocarmine is an ac id ’dyestuff and pro- 
duces very pure greenis'3 shades of bine on wool, which are, how- 
ever, not very fast to lig&t. 

(English Patents, 4596 and 19065, 1890.) 

P. 161. — The oxyindamines and i oxyindophenols (Fast Blue, 
Gallocyanines, &c.) are characterised by the ease with which they 
react with amines of the fatty and aromatic series, and certain 
compounds resulting from such reactions have appeared in 
commerce. 

Cyanamines . — This name has been given to the compounds 
resulting from the action of ammonia and amines in presence of 
an oxidising agent on East Blue R. description of Fast Blue 
R, or Naphthol Blue occurs on p. 161.) 

Ammonia-cyanamine has a greener shade than the original fast 
blue ; the dimethylamine-cyanamine i s more valuable on account 
of its pure gfeenish-blue shade. 

It has been demonstrated that the green shades of fast blue 
contain one of these cyanamines ; the formation of which results 
from the interaction of fast blue R the dimethylparaplieny- 
lenediamine formed during the reaction. (Schlarb. Chem. Zeit. 
1891, pp. 1281 and 1318; Witt. Ber. 1 890 > p. 2247.) 

. P. 165. Delphine Blue and Gallic Indigo are sulphonic acids of 
compounds obtained by heating gallocyanine ■ with aniline and analo- 
gous bases. The constitution of these bodies has not been deter- 
mined ; they are not simple anilides of gallocyanine, as a carboxyl- 
group splits off during the reaction. # r 

These dyestuffs are employed in calico-printing, giving pure 
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blue shades when applied with chromium acetate, (Germ. Pat. 
55942, Sept. 27, 1889 ; 50999, July 23, 1889.) # 

Wool Greys . — These dyestuffs are obtained by action of aniline, 
and analogous bases on the condensation-products of nitroso- 
dimethyl- and diethyl-aniline on Schaeffer's /3-naphtholsulphonic . 
add. 


AZINE DYESTUFFS, 

Fast* Black, — The commercial product bearing this ^pame is 
obtained by action of nitroso-dimethylaniline on meta-oxy- 
diphenylamine. It contains the groups characteristic # both of the 
oxyindamines and the azines. It is a bafic dyestuff, and is fixed 
on cotton prepared with sumac and acetate of iron. 

Malta Grey and Nigrisine are bodies of unknown constitution 
prepared by heating nitrosodimethylaniline hydrochloride in 
aqueous or alcoholic solution. 

Methylene Grey is a similar solution obtained by oxidation of 
dimethylparaphenylene diamine. 

(German Patent, 49446, Eeb. 2, 1889.) 


INDULINES AND NIGROSINES, 

The simplest Induline of the naphthalene series, rosinduline 
par excellence , is formed by heating benzene-azo-a-naphthylamine 
with aniline in alcoholic solution under pressure. Rosinduline 
base forms reddish-brown crystals, M.P. 198°-199 0 . Its consti- 
tution is expressed by the formula : 



Accordingly the compound described on p. 205 is a phenyl-rosin- 
duline. 
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On heating with hydrochloric acid, rosiffduline yields ammonia 
and r^sindulone, a compound haying the constitutional formula : 



Some %)£ the sulphonic acids of rosindulone are now pre- 
pared commercially, and come into commerce as*Rosindulines, 

Rosindulii& 2 B dyes«vool bluish red from an acid bath. 

Rosindulines 2 G and*£r produce orange-red and*scarlet shades 
respectively, and when dyed on silk exhibit a fine yellow- 
fluorescence. 

On heating benzene-azo-a-dinaphthylamine with aniline, naph- 
thyl and isonaphthylrosindulines are formed. 

Isonaphthylrosinduline has the constitution expressed by the 
formula; 



An anilide of isonaphthylrosinduline having the formula 

JNL 

C 6 H 5 N ; C 10 H 5 < J>C 10 H 5 NH . CH 5 , 

N 

is formed along with phenylrosinduline when benzene-azo-a-naph- 
thylamine is heated with aniline. t 

Naphthyl blue is probably a salt of a sulphonic acid of amido- 
isonaphthylrosinduline, and naphthyl violet is a dyestuff of similar 
character* They are principally intended for silk, on which they ~ 

show a red fluorescence. ^ 

(O. Fischer and E. Hepp, Annal. cclxii. pp. 237-264; H, n 
Ferger, Mittheil. Techn, Gewerbemuseums, 1891, pp, 202-253.) 
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INDIGO. 


A process in the preparation of indigo from the plant consists 
ip macerating the plants in water and subjecting the liquor to- 
the action of air in presence of ammonia. This “ammonia 
process ” is said to give larger yields and a product of greater 
purity. 


Diacetylindigo . 


On heating indigo blue with acetic anhydride, sodium acetate, 
and zinc powder, a diacetylindigo white i|, obtained. #>On oxidation 
with nitrous acid in presence of acetic ac^d, diacetylindigo blue is 
formed. This compound forms small glittering red crystals, soluble 
in benzene with a beautiful red colour. Its constitution is ex- 
pressed by the formula : 


C e H 


/CO x 

4 n N< 


c = < co ) 

c 2 h 3 o Nn 


c 6 h 4 . 
c 2 h 3 o 


Indigo disulphonic Acid . 

The mechanism of the reactions involve^ in the synthetic process 
for preparing this compound has been explained by Heymann 
(Berl. Ber. 1891, p, 3066). The yellow solution resulting from the 
action of the sulphuric anhydride on phenyl-glycine contains the 
sulphonic acid of indoxyl-sulphuric ester. On dilution of this 
solution, oxidation is effected by the sulphuric anhydride^ 


QUINOLINE AND ACRIDINE DYESTUFFS. 

Berberine . 

Extensive researches on the constitution of berberine have been 
made by W. H. Perkin, Jun. (Chem. Soc. Journal, 1890, p. 991). 
Berberine is allied to papaverine, hydrastine, and narcotine ,* it is 
| derivative of isoquipoline, and has probably the constitution 
expressed by the formula : — 
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* CH 0 . 0 — C 

* I / \ 

O C CH 

I I 

CH 3 0-C C C CH 

CH s O — C V V N C i 

I I I I 

HC C N CH 2 

\ / \ / \ / 

C 0 c 

H H H 

On oxidation with, potassium permanganate, berberine yields the 
following sefies of compounds, all containing the twenty carbon 
atoms of berberine intaT& : — * 


Oxyberberine, M.P. 198-200° C 30 H 17 NO 4 . 

Dioxyberberine C 20 H 17 NO 6 . 

Berberal, M.P. 149° C 20 H 17 NO 7 . 

Anhydroberberic acid, M.P* 23 7° C 20 H 17 NO 8 . 

Berberic acid, M.P. 177-182° C 20 H 17 NO 9 . 


DYESTUFFS OF UNKNOWN CONSTITUTION. 

Patent Fustine. 

Some compounds bearing this name have appeared in commerce. 
They are prepared by action of diazo-compounds on a decoction 
of fustic. They are applied in the same manner as fustic. 

Fisetin , Quercitin , and Rhamnetin. 

Herzig (Monatshefte f. Chem. 1891, pp. 172, 177) has demon- 
strated that a close relationship exists between these compounds, 
and the formulae given on pages 254-256 have to be modified. The 
molecular weight of quercitin was determined, and from this and 
analytical data the formula for quercitin appears to be C 15 H 10 O 7 . 
Rhamnetin is a monomethylquercitin. Quercitin is a hydroxy- 
fisetin, and the formula proposed by Schmid for fisetin has to be 
altered according. Analyses of fisetin, its acetyl, methyl, an$ 
ethyl derivatives prove that the correct formula is C 15 H 10 O 5 . On 
oxidation # by air in alkaline solution, fisetin yields resorcin and 
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protocatechuic acid, while querfcitm under similar conditions 
yields phloroglucin and protocatechuic acid, these results befng in . 
accordance with the idea that quercitin is a hydroxyfisetin. 


Orcein. 

(Zulkowski & Peters, Monats. f. Cheip. 1890, p. 227.) 

A study of the process by which orcein is formed from lichens, 
by action of ammonia and air, show's that three colouring-meters 
are formed, viz., orcein, a yellow crystalline compound and an 
amorphous body resembling litmus. 

Pure crystallised orcein is insoluble in water, ethcr^md benzene ; 
soluble in alcghol, acetone, and acetic aci^* Pure orcein possesses 
nearly two hundred times the tinctorial ^power of orchil extract. 

The composition of orcein is expressed by the formula 
C 28 Hm and its formation may be expressed by the equation 

4 C 7 H 8 0 2 + 2NH 3 + 60 = C 28 H 24 N 2 0 7 + 7H 3 0. 

The yellow compound has the formula C 2 iH 19 N0 5 , and is prob- 
ably formed according to the equation 

3 C 7 H 8 0 2 + NH S + 30 = C 21 II 10 NO 5 + 4H0. 

It was found that the formation of orcein from orcin is much 
more rapid in presence of hydrogen peroxide; other oxidising 
agents did not give favourable results. 

No compound of the orcein class can be obtained from resorcin 
by action of hydrogen peroxide and ammonia. From a mixture 
of resorcin and orcin a mixed orcein, “ Reso-orcem,” C 2u H 20 N 2 O 7 , 
is formed. 
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Acid dyes, 14. 

Acridine dyestuffs, 207. 

orange, 216. 

yellow, 216. 

Aldehyde green, 128. 

Alizarin, 82. 

, Alkyl-, 83. 

black, 81. 

blue, 91. 

blue OB, 90. 

— — blue S, 298. 

Bordeaux, 89. 

brown, 89. 

, Ohloro-, 83. 

cyanine, 89. 

dyeing, 86. 

green S, 92. 

indigo blue S, 92. 

, Nifcro-, 87. 

— - — > orange, 87. 

red S, 83. 

sulphonio acid, 83. 

synthesis, 83. 

yellow, 61, 245. 

Alkannin, 263. 

Amaranth, 56. 

Amidoazobenzene, 35. 

, Acetyl-, 37, 

/3-naphtholdisulphonic acid 


55. 

disulphonic acid, 36. 

- monosulphonic acid, 36. 

Amidoafonaphtbalene, 43. 
Amidoazotoluenebenzene, 39. 
ATnidoazotoluenes, 39. 
Amidoazoxylenes, 40. . 

Amidonaphtholsulphomc acids, 290. 
A m idooxv azobenzene, 46. 

Annatto, 258. 

Anthracene yellow, 92. 

Anthraoite black, 291. 

Anthraflavic acid, 89. 

Anthragallofc 89. 


Anthrapurpurin, 88. 

Anthraquinoline, 91. 

Anthraquinone, 84. 

, Dichloro-, 84. 

disulphonic acids, 84, 

dyes, 81. 

monosulphonic acid, 84. 

Archil, 260. 

brown, 65. 

Auramine, 98. 

Aurantia, 26. 

Aurin, 132. 

Aurin-tricarbonic acid, 134. 

Aurotine, 299. 

Auxochromic groups, 13. 

Azarin S, 75. 

Azine dyes, 169. 

Azine-green, 189. 

Azoaniline, 41. 

Azobenzeneazoparacresol, 66. 
Azobenzenedimethylamidobenzoie - acid, 
60. 

Azobenzene-a-naphthol, 53. 

monosulphonic acid, 54. 

Azobenzene-/3-naphthol, 54. 

disulphonic acids, 55. 

monosulphonic acids, 54. 

Azobenzene salicylic acid, 61. 

Azo-black, 291. 

Azo-blue, 71, 73. 

Azo-carmine, 205. 

Azo-compounds, 28. 
Azodibenzenephenylenediamine, 65. 
Azodibenzenetoluylenediamine, 66. 

Azo - d - diamidobenzoic acid-y-benzene- 
sulphonio acid, 60. 

Azo-dyes application, 34. 

from amidoazo-compounds, 63, 

from benzidine, 68. 

manufacture, 34. 

on fibre, 77. 

Azofuchsine, 294. 

Azonaphthalene /3-naphthol, 57. 

disulphonic acids, 58. 
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Azonaphthalene monosnlphonic acid, 57. 

resorcin, 46. 

salicylic acid, 01. 

Azoorseilline, 72. 

Azophenine, 201, 

# Azophenols, 45. 

Azorubino, 58. 

Azoviolet, 74. 

Azyline, 42. 

B* » 

Basic dyes, 14# 

Basle blue, 188. 

Benzaurine, 165. 

BenzeneamidoazonsiplitJ lalcne, 45. 
Benzenedisazobenzene /3-naphthol, 64. 

disulphonie ackl, # 64. 

monosul phonic acid, 64. , 

Benzenetctrazobenzciiephenol, 65. I 

Benzhydrol, 67. # 

Bonzidmo blue, 72. 

Benzoazurmes, 73, 74. 

Benzoblack, 74. 

Be n zo-bl ue-blaek G & B, 74. 

Benzo-brown B, 74. 

Benzofiavine, 216. 

Benzu-grey, 268. 

Benzo-indigo-bluo, 298, 

Benzo-olive, 268. 

Benzo-orange, 72. 

Benzopurpurines, 72, 73. 

Berberino, 212, 304, 

Bismark brown, 42. 

Bixin, 258. 

Black, Alizarin, 81. 

, Aniline, 162. 

dyeing, 167. 

, Anthracite, 261. 

Azo, 66, 263. 

, Benzo-, 74. 

Benzo-htuo, 74. 

— , Brilliant, 66. 

, Diamine, H, 72, 290, 

— , ' , B, 73, 260. - 

Blue JO, 73,260. 

• Diamond, (56. 

, Fast, 302. 

- , Jet, R, 66. 

, Naphthol, 210. 

- — , Naphfhykminr, D, 6(5. 

™, New, 29 L 

, Victoria, 201. 

— Wool, 65, 

Blue, Alkali, 127. 

— , Aniline, 126. 

— . Azo, 71, 73. 

, Basle, 188. 

£~ t Benzidine, 72. 

^ — — black B, 295, 

■, Cotton, 127. 

, Bolphine, 300. 

, Diamine, 73, 298. 


‘Blue, Diplienylamine, 128, 296 

, Fast, 161. 

. Gallaminc, 164. 

, Moldola, 162. 

, Methylene, 155, 3(X). 

, Naphthol, 161. 

, Nuphtyl, 303. 

, Night, 127. 

, Nile, 163. 

Parapfienylone, 203. 

, Phenylene, 146. 

, Resorcin, 167. 

, Toluidine, 300. 

, Toluylene, 150. 

, Victoria, 130. 

, Water, 127. 

Bordeaux, 56, 57. 

U, 18 . 

extm, 72. 

Brazilefci, 253. 

Brazilin, 252. 

Brilliant uzurino 5 G, 74. 

— — - black, (56. 

Congo, 72. 

— - purpurm, 73. 

Brown, Archil, (55. 

, Benzo, 74. 

, Bismark, 42. 

, Cloth, 261. 

, Congo, 267. 

— Diamine, 297. 

, Toluylene, 296. 


C. 

Caelum do Laval, 271. 
Canarine, 247. 
Carmine-red, 2(5(5. 
Carminie acid, 265, 
Carmimmphthe, 58. 
Carotin, 2(50, 

Cart ham in, 2(52. 
Catechin, 271. 

Caledm, 270. 

tannic acid, 271. 

Chinese green, 2(54. 
Chrome violet, 134. 
Chrumogejis, 3. 
ChrornophorH, 3. 
Chromotropes, 289. 
Chrysamino G, 71, 72. 
— &t 72. 

ChrysaniliiuiH, 124, 212. 
Ohrysin, 259. 
Ohrysoidino, 40, 
Chrysophtmine, 74. 
Chrysotoluidine, 124. 
Citron in©, 39. 
Classification, 21. 
Cloth«brown, 291, 
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Cloth orange, 201. 
Coecii|ines, 56, 57, 267. 
Cochineal, 265. 

Colour, 1. 

Coerulein, 144. 

Congo red, 68, 72. 

, Brilliant, G, 72. 

Corinth, 72. 

violet, 72. 

Crocetin, 264. 

Crocin, 264. 

Crudcf products, 20. 
OuEB^neazoresorcm, 45. 
Curcumin, 259. 
CyanaminV?, 300. 
Cyanine, 203. 

B, 298. 

Cyanosine, 142* 
CycJamine, 299, 


D. 

Debyclrothiotoluidine, 75. 

Delphine blue, 300. 

Deltapurpurin, 72, 73. 

Developers, 76. 

Diamiaoazobenzene, 40. 
Diamidoazotoluenes, 42. 

Diamond yellow, 291. 

Dichromes, 165. 

Diisatogen, 224. 
Dimethylamidoazobenzene, 37. 

sulphonic acid, 37. 

Dimethylamidobenzeneazobenzoic acid, 
59. * 

Dimethylamidobenzoic acid-azobenzoic 
acid, 60. 

Dinitrocresol, 24. 

Dinitronaphthol, 25. 

~ sulphonic acid, 25, 289. 

Dinitrosoresorcin, 93. 

Dioxindol, 221. 

Dioxyazobonzones, 44, 45. 

sulphonic acid, 45. 

Dioxynaphthalene sulphonic acids, 294. 
Dioxynaphthoquinone, 81. 

Dioxytartaric acid, 101. 

Diphenylamino blue, 128, 299. 
Diplienylrosaniline, 126. 

Disuz 9 dyestuils, 62. 

Dyeing (theories), 3. 


E. 


Ell agio acid, 245. 
Eos in, 139. 

ether, 140. 

- — scarlet, 141. 
Erica, 70.# 


Erythrosin, 141. 
Ethoxybenzidine, 296. 
Eupittonic acid, 133. 
Eurhodines, 172. 
Eurhodoles, 175. 
Euxanthic acid, 243. 
Euxanthone, 243. 


E. 


Eisetin, 254, 305. 

Elavaniline, 210. 

Elavin, 254. 

Elavopurpurin, 88. 

Eluoresce'in, 139. 

— — , Tetrabronr*, 139. 

— — , Tetrahromodichlor-, 142. 

-, Tetrabromotetrachlor-, 142. 

•, Tetraiodo-, 141? 

Eluorescent blue, 167. 
Eluorindine, 206. 

Euchsine, 118. 

Eustic, 253. 

, Young, 254. 

Eustine, 305. 


g. 


Gallacetophenone, 245. 
Gallamine blue, 165. 
Gallein, 144. 

Gallic indigo, 300. 
Gallocyanine, 163. 
Galloflavine, 246. 
Gambine, 95. 

Girofle, 185. 

Glycerems, 145. 

Green, Acid, 110. 

, Aldehyde, 128. 

— — , Azine, 189. 

, Azo, 116. 

— — , Benzalclehyde, 107. 

, Bindsehedler’s, 149. 

, Brilliant, 109. 

, Chinese, 264. 

, Ethyl, 109. 

, East, 94. 

Helvetia, 109. 

. •, Iodine, 122. 


, Light, 110. 

, Malachite, 107. 

■, Methyl, 116. 

— — t Methylene, 161. 

, Haphthol, 95. 

Hew, 299. 

, Hew solid 3 B, 109. 

__ 3 — — Victoria 3B, 109. 

Quinoline, 110. 

, Solid, 109. 

, Victoria, 109. 
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Grey, Past; 271. 

, Methylene, 302. 

, Wool, 302. 


H. 

H&matein, 250. 

Hsematoxylin, 250. 

Helianthine, 38. 

Heliotrope, 74. ^ 

Hexa ethylpararosanilin e, 116. 
Hexamethoxylaurin, 133. 
Hexamettroxylpararosaniline, 134. 
Hexametky Ipararosan iline, 115. 
Hexamethyl-rosaniline, 122. 
Hexanitrodipkenylamin£, 26. 
History, 17. 

Hydrazides, 96. 


I. 

Imidotkiodiphenylimide, 158. 
Indamines, 146, 149. 

Indazine M, 188. 

Indian yellow, 242. 
Indiglucine, 225. 

Indigo, 219. 

, ammonia process, 304. 

— application, 228. 

blue, 224. 

carmine, 227. 

, Chloro-, 226. 

, Diacetyl, 304. 

, Dibenzoyl, 226. 

dicarbonic acid, 229. 

extract, 227. 

purpurin, 230. 

red, 230, 

rubin, 230. 

substitute, 251. 

sulphonic acids, 227, 304. 

, synthesis, 231. 

White, 226. 

IndigCtin, 225, 

Indome, 229. 

Endol, 219. 

Indophenine, 222. 

Indophenols, 151. 

Endoxanthie ether, 224. 
Indoxyl, 220. 

Endoxylic acid, 221, 

Endulines, 200, 302. 

, application, 204. 

soluble, 203. 

tsatio acid, 223. 

[i^tin, 222. 

Esatogenic ether, 224. 
Esopurpurie acid, 27. 
Csopurpurin, 88. 


Ketone-imides, 96. 


Laccaie acid, 269. 
Lac-dye, 269. 
Lacmoid, 168^ 

Lakes, 15. 
Lanuguinic acid, 5. 
Leuco-compounds, 2. 
Litmus, 261. 
Logwood, 250. 
Lokaetin, 265. 
Lokain, 264. 

Lo-Kao, 264. 
LuteciennfJ 141. 
Luteolin, 267. 

C* 


M. 

Maclurine, 253. 

Magenta, 118. 

, Acid, 121. 

, New, 298. 

residues, 124. 

S, 121. 

Mauvaniline, 124. 
Mauveine, 190. 

Mikado colours, 297. 
Mimosa, 297. 

Monophenylroeaniline, 125. 
Mordant-dyeing, 15, 80. 
Morin, 25i 
Murexide, 248. 

Muscarine, 162, 


Naphthaquinoneoximes, 94. 
Naphthazarin, 81. 

Naphthol-azo-dyes, 46. 

Naphthol black B, 2B, 6B, 291. 
a Naphtholmonosulphonic acid, Neyile 
and Winther, 49. 

Schaeffer, 49. 

a Naphtholdisulphonic acid, Schollkopf, 

*— e, 275. ** 

trisulphonic acid, 289. 

IS Naphtholazobenzoic acid, 59. 

(S Naphthol disulphonie acid (4, 52. 

ft 53. 

R, 53. 

monosulphonic acid crocein, 51. 

F, 52. 

Schaeffer, 52. 

Naphthol yellow, 25, 289. 
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a Naphtko-Sultone, 293. 
a Naphthyl amine disulphonic acids, 292. . 

monosulphonic acids, 69, 291. 

/3 Naphthylamine disulphonic acids, 292. 

— monosulphonie acids, 291. 

Naphthyl blue, 303. 

Neutral dyes, 14. 

New black, 291. 

Nigrisine, 302. 

Nigrosine, 200. 

Nitrobromsalicylic acid, 26. 
Nitrocompounds, 23. 

Nitj^sonaphthols, 94. 


O. 

Orange, Acridine, 216. 

, Benzo-, G & E, 72. 

, Orocein, 55. 

G, 55. 

1, 54. 

II, 54. 

Ill, 38. 

IV, 38. 

, Palatine, 26. 

, Toluylene, G & E, 73. 

Orcein, 261, 306. 

Orchil substitute, 43. 

Orcin, 261, 306. 

Orcirufamin, 168. 

Orcirufm, 168. 

Orseilline, 43. 

Oxazines, 161. 

Oxindol, 221. 

Oxy-azobenzene, 44. 

Oxy-azobenzenetoluene, 45. < 

Oxyazo-compounds, 44. 

Oxyindamines, 161. 

Oxyindophenols, 161. 

Oxyketone dyes, 245. 

Oxyquinones, 80. 

Oxythiodiphenylimide, 159. 


P. 

Pararos^niline, 111. 

Pararosolic acid, 132. 
Pentaifethylpararosaniline, 115 
Pentamethylrosaniline, 122. 
Bentoxy-anthraquinone, 90. 
Phenazine, 169. 

Phenolazo-meta-benzoic acid, 59. 
Phenoldisazobenzene, 62. 
Phenolphthalem, 138. 
Phenosaffranine, 178, 181. 

, Diazo-, 182. 

■ Ethyl*** 183* 

, 183. 


Phenylamidoazobenzene, 38. 

sulphonic acid, 38. 

Phenylhydrazides, 100. 

Phloxine, 142. 

Phthaleins, 136. 

Phthalophenones, 137. 

Picramic acid, 27. 

Picric acid, 24. 

Pittacal, 133. 

Polchromine, 76. 

Ponceaux, 56, 57. 

Primrose, 141. 

Primuline, 75. 

Printing, 36. 

Prune, 164. 

Purple, Ethyl, 116. 

, Hessian N,* 74. 

Purpurine, 87. 

, Benzo-, B, 4 B, 6 B, 10 B, 72, 73. 

, Brilliant, 73. * 

, Delta-, 5 B & 7 B, 72, 73. 

Purree, 242. 

Pyronines, 143. 

Pyrophthalone, 209. 


Q. 

Quercitin, 255, 305. 
Quercitrin, 254. 
Quinoline dyes, 207. 
Quinone-imides, 146. 

oximes, 80. 

Quinophthalon, 209. 


E. 

Eed, Anisol ? 57. 

, Carmine-, 266. 

, Congo, 68, 72. 

— Cotton, 73. 

, Diamine, 3B, 73. 

, NO, 73. 

f East, 72. 

, Direct, 73. 

, East, 57. 

•, Magdala, 189. 

, Methylene, 160. 

, Naphthylene, 74. 

-, Phenetol, 57. 

, Quinoline, 208. 

, St. Denis, 74. 

, Salmon, 74, 297. 

, Silk, 59. 

, Toluylene, 175. 

Eesazurin, 167. 
Eesorcinazobenzoic acid, 59. 
Eesorcin-benzein, 135. 
Eesorcindisazobenzene, 63. 
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Kesorufamine, 168. 

Beeorufin, 165. 

Bhamnetin, 256, 305. 
Bhodamine, 142. 

S, 143. 

Boccelline, 57. 

*Bosamine, 135. 

B&saniline, 318. 

, Acetyl, 123. 

aldehyde compounds, 123. 

base, 120 % 

benzoyl, 123. 

, Diphenyl, 126. 

dye?, 105. 

, Hexamethyl, 122, 

, Monophenyl, 125. 

, Pen tametiiyl, 122. 

sulphonie acids, 121. 

, Tetrabrom-, 121, 

, Tetraethyl, 122. 

, Toframethyl, 122. 

tribenzyl-methyliodide, 123, 

, Triethyl, 123. 

• , Trimethyl, 122. 

, Triphenyl, 126. 

Bosazurines, 73. 

Bose Bengal, 142. 

Bosmduiines, 205, 303. 

Bosolic acid, 133. 

dyes, 132. 

Buberythrie acid, 82. 

Bubramine, 185. 

Buficoecin, 267, 

Butin, 256. 


Saffranme, 177. 

, Pheno-, 178, 181. 

, Tolu-, 185. 

Saffranol, 187. 

Saffron substitute, 24. 
Saffrosme, 141, 

Santalin, 263. 

Scarlet, Biebrich, 04. 

^Brilliant, 59. 

- — Brilliant Croce'm M, 65. 

, Orocein, 3 B & 7 B, 65. 

— , Crystal, 58. 

, Diamine, 297. 

2 G, 55. 

, Silk*-, 59, 

Styrogallol, 92. 
Stuphonazurine, 73. 

Sun Gold, 26. 

Yellow, 75. 


Tannin lakes, 16. 
Tartrazine, 100* 


■Tot root hy lro*aml i i to, 1 23. 
•TdnmjdhvldistitiidolH'iJzophenouoi 96. 

— chloride, 97. 

Tctmuu'thyldiamidoiriphenylcnrbinol, 

106. 

~ Older-, 109. 

— , Kit ro-, 10S. 

— — — Hidphonie acid, 109. 

Tot rnmethyljutraKNaniline, 1 14. 

XYf ramethy tpenan \\ itn», 122. 

Tct rawit rodiphenol, 26. 

Ti 1 ranit ronuph 1 hoi, 26. 

Tefrazo-dyvs, 62. 

Thinziiics, 153. 

Thiocarmine, 301, , 

TlmKllphtniylamine, 153, 

Tlmdlavme" 76, 77. 

Thiomm*,#i 55, 300. 

Thionol, 159. 

Thimuilitfo, 159. 

Thioioluidine, 75. 

Toluidinc blue. 300. 
ToluyleneriiatnincRulphonie acid, 29th 
Tuhiyhmo orange, 297. 
Triaimdcazobenzene, 42. 
Triamidotriphenylcarbino}, 111, 118. 
Tril>enzvirominiiine-mefchylio(Iide, 123, 
Triethylrosamline, 123, 
Tmnethylrosanilims 122. 
Trimtroeuxnnthone, 244. 
Trinitrophenol, 24. 

Tr i oxyaeeh iphenone, 245. 
Trioxy-anthmqumone, 87. 
Trioxybenzophenono, 245. 
f J Vi phony 1m ethane dyes, 102. 
TriphenyiPosumlme^PiO. 

sulphonie acids, 126, 127. 

Tropaolin U & OO, 38. 

— Y&O, 44. 

— OOO No. I, 54. 

Turkey red, 86, 

Turmeric, 260. 

Tyrian purple, 269* 


Valuation of dyestuffs, 15. 
Vesuvine, 42. 
Victoria-black, 291. 

blue, 130. 

— — green, 109. 

yellow, 24. 

Violamine, 299. 
Violamlino, 124. 

Violet, Acid, 114. 

, Amethyst, 185. 

, Azo-, 74.' 

~ — , Chrome-, 135. 

, Congo, 72. 

, Crystal-, 115. 

* , Diamine, N, 72. 
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Viulft, Hessian* 74. 

— — , Hofmann’s, 12,1, 
— , 155. 

, Methyl-. 11*2. 

. Neutral-, 176. 

- , TwluyU*ne-« 175. 

X. 

X&nthurhuumin, 255. 


Yellow, AeJul, M, 

— ~ , Acritmte*, 215. 


1 Yellow, Afjzarin, 61. 

. , , A & <3% 245. 

— — ■, Brilliant-, 26, 74. 

,* Carbazol, 74. 

, Congo paste, 72. 

- — Cotton-, 74, 2^7. 

, Diamine, 7S, 73. 

, Past-, 36. 

, Hessian, 74. 

— — Indian, 39. 

•, Martius, 25. 

! •, Metanil, 38. • 

I , Naphthol, S, 25, 289. 

, Quinoline, 209. 

j Salieyl-, 26. 

' , Sun, 75. 
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. Experimental Researches in Pure, Applied, and Physical Chemistry. 

By Professor E. Erankland, Ph.D. (Marburg), D.C.L., F.R.S. 8 vo, £1 11 s. 6d. 

Professor Frankland’% Lecture Notes for Chemical Students. Volume I, 
Inorganic Chemistry. Seventh Thousand, 45 . Volume II., Organic Chemistry. 
Shird Edition. Revised by Dr. E. R. Japp, M.A., E.I.C., &c. Post 8 vo, cloth, 6 s. 

W^fcer Analysis for Sanitary Purposes, with Hints for the Interpre- 
tation of Results. By Professor E. Frankland, Ph.D., D.C.L., F.R.S: Second 
EditiSn. Post 8 vo, 5$. 

The Laboratory Guide, a Manual of Practical Chemistry for Colleges 

and Schools. Specially Pranged for Agricultural Students. By A. H. Church, 
M.A., F.R.S. , Professor of Chemistry in the Royal Academy of Arts. Sixth 
% Edition, Revised and Enlarged. Post 8 vo, 65 . 6 d. 

A Treatise on Alcohol, with Tables of Spirit Gravities. By Thomas 
Stevenson, M.D., Fellow and Examiner in Chemistry to the Royal College of 
Physicians, Lecturer on Chemistry at Guy’s Hospital. Specially adapted for the 
use of Public Analysts and others engaged in the Analysis of Alcoholic Liquids. 
Second Edition. Fcap. 8 vo, 3s. 6d. 

A Manual of Inorganic Chemistry; arranged to facilitate the 

Experimental Demonstration of the Facts and Principles of the Science. By 
Professors C. W. Eliot and F. H. Storer, of the Massachusetts Institute of Tech- 
nology. Second Edition, Revised. Crown 8 vo, 10s. Qd. 

Elements of Heat and of Non-Metallic Chemistry. By Professor 
Frederick Guthrie, B.A., Ph.D., &c. Post 8 vo, 7s. 

Destructive Distillation; a Manualette of the Paraffin, Coal-Tar, 

Rosin Oil, Petroleum, aiad Kindred Industries. By Professor Edmund J. Mills, 
D.Sc. (Lond.), Fourth Edition, with Illustrations of Retorts. 8 vo. 

Handbook of Chemical Manipulation. By C. Greville Williams, E.R.S. 
Post 8 vo. Numerous Woodcuts. With Supplement, 15s. The Supplement 
separate, 2 s. 6 $. 

m Journal of the Chemical Society. Containing Papers read before the Society 
and Abstracts of Papers published in other Journals. 8 vo. Published Monthly. 
Annual Subscription, £V 10s. 
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Abstracts of the Proceedings of the Chemical Society. Annual Sub- 
scription, 7s. &d. 
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ODOROGRAPHIA. A [Natural History of the Raw Materials and 
Drugs used in the Perfume Industry. By J. C. Sawek, F.L.S. 8vo. 
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